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1.0 Introduction 

The Monticello Mill Tailings Site ( M M T S ) ,  located in San Juan County, Utah, comprises several 
tracts of land, including the Monticello Millsite, the former Bureau of Land Management 
compound, the South Site, and 25 peripheral properties surrounding the Millsite (Figure 1-1). 
The U.S. Department of Energy (DOE) owns the former three tracts and several of the peripheral 
properties. Either entities or individuals own the remaining peripheral properties. 

Remediation of the Millsite has been divided into three operable units (OUs). OU I consists of 
the excavation of mill tailings and other hazardous substances h m  the Millsite and their 
containment in a permanent repository. OU I1 consists of the remediation of radioactively 
contaminated soils, by-product materials, and hazardous substances from private and DOE- 
owned properties peripheral to the Millsite. OU Ill encompasses contaminated surface water and 
ground water at and downgradient of the Monticello Millsite. Contaminated soil and sediment 
deposited downstream of the Millsite in and adjacent to Montezuma Creek were studied and 
remediated as part of OU III. 

Ground water samples collected from wells completed in the alluvial aquifer have elevated 
concentrations of various metals, uranium-decay series radionuclides, sulfate, and nitrate. 
Arsenic, manganese, molybdenum, selenium, vanadium and lead-2 10 have been transported 
through the alluvial aquifer and have contaminated the ground water at downgradient locations 
on private property east of the Millsite. Selenium, nitrate, and radium were detected in 
concentrations above regulatory standards on the Millsite only. Molybdenum and uranium were 
detected in concentrations above regulatory standards both on the Millsite and downgradient of 
the Millsite. 

In Montezuma Creek, elevated concentrations of arsenic, copper, selenium, and sulfate are 
generally limited to the Millsite or just downstream of the Millsite boundary. Molybdenum, 
radon-222, and vanadium have been detected at elevated concentrations over a larger extent 
downstream but generally reach background concentrations within 2 miles of the eastem Millsite 
boundary. Uranium and manganese concentrations are elevated throughout the OU I11 area. 

During the period from November 1992 through October 1996, monitoring of the OU I11 surface 
water and ground water was conducted in accordance with the Monticello Mill Tailings Site, 
Operable Unit III, Remedial Investigation/ Feasibility Study Work Plan (DOE 1995a); the 
Monticello Mill Tailings Site, Operable Unit III, Remedial InvestigatiodFeasibility Study 
Quality Assurance Project Plan (DOE 1995b); and the Monticello Mill Tailings Site, Operable 
Unit III, Remedial Investigation/ Feasibility Study Field Sampling Plan (DOE 199%) including 
Program Directives that modified these plans. The results of these monitoring efforts are 
documented in the Monticello Mill Tailings Site, Operable Unit III, Remedial Investigation 
(OU I11 RI) (DOE 1998a). In 1997 and 1998, during preparation of the OU I11 RI and the Record 
of Decision for an Interim Remedial Action at the Monticello Mill Tailings Site, Operable 
Unit III4urface Water and Ground Water, Monticello, Utah, (DOE 1998b), the Monticello MI1 
Tailings Site, Operable Unit III, Annual Monitoring Program (DOE 1997) was implemented to 
provide information on and document changes in surface-water and ground-water quality, 
ground-water levels, and stream flow during the implementation of Millsite excavation. 

. 
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Figure 1-1. Monticello Mill Tailings Site, San Juan County, Utah 
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This annual monitoring plan presents a sdace-water and ground-water monitoring program to 
be implemented during the OU III interim remedial action (IRA). Monitoring is a requirement of 
the data collection and PeRT wall treatability study components of the IRA which are specified 
in the Monticello Mill Tailings Site, Operable Unit III, Interim Remedial DesigdRemedial 
Action (RD/RA) Work Plan for  Operable Unit I I I -ur face  Water and Ground Water 
(DOE 1999a). This plan revises the monitoring program that was conducted during 1997 and 
1998 by increasing the fiequency of the monitoring events and increasing the number of water 
quality sampling locations east of the Millsite. This document is intended to provide field 
personnel with the information necessary to collect monitoring data and water samples that will 
fulfill the relevant data requirements during the IRA. If the results of any of the sampling events 
specified in this program indicate that significant changes are occurring in water quality and or 
water level and flow direction, then revisions to this program will be considered and discussed 
with the U.S. Environmental Protection Agency @PA) and the Utah Department of 
Environmental Quality (UDEQ) prior to implementation. 
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2.0 Objectives 

The objectives of this surface-water and ground-water monitoring program are to provide the 
information needed for the data collection and PeRT wall treatability study components of the 
IRA. A comprehensive discussion of the objectives and scope of the IRA components is 
presented in the Monticello Mill Tailings Site, Operable Unit IU, Interim Remedial Action Work 
Plan (OU I11 IRA Work Plan) (DOE 1999b). Objectives of data collection are to provide 
information on water quality, water levels, and stream flow that will be used in the final OU I11 
feasibility study and remedial alternative selection. 

Objectives of the PeRT wall treatability study are to evaluate the effectiveness of the PeRT wall 
system in reducing the concentrations of con taminants, determine the amount of leaching of iron 
and manganese fiom the zero-valent iron, evaluate the longevity of the PeRT wall system, and to 
evaluate the effectiveness of the slurry wall to capture and divert water to the gate. 

2.1 Contaminants of Concern 

The ground water contaminants of concern (COCs) identified during the human health risk 
assessment pedormed as part of the remedial investigation were 

Arsenic 
vanadium ' 

Uranium-2341238 

Manganese 
Lead-2 10 
Gross Alpha 

Selenium 

Gross Beta 
Radium-226 

Uranium 
Radon-222 

Nitrate and molybdenum were added to the list because, although they do not cause significant 
risk, they do exceed established standards for ground water. Similarly, copper was added because 
historically it has exceeded the established standard for surface water at some 1ocations on the 
Millsite. Cobalt, lead, and zinc are on the list because they were never formally deleted as COCs 
for OU 111. The complete list of COCs are listed in Table 2.1-1 along with the preliminary 
remediation goals for ground water that were proposed in the draft Monticello Mill Tailings Site 
Operable Unit III Feasibility Study of Surface Water and Groundwater (DOE 1998c) or 
benchmarks that were used in the OU I11 ecological risk assessment (see Volume VI1 of the 
OLJ I11 RI, DOE 1998a). 
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Table 2 1-1 Preliminary Remediation Goals 

Cobalt 

Copper 

Lead 

I 

I 

Manganese I 

I Molybdenum 

COC I Risk-Based 11 ARAR-Based II 

I I  3.0 pg/L8 

1 1  - 1~ 39 Psn' 

I 19 PgL' 

~1 4,300 to 7,700 pgL5 ~1 500 PgR' 

I I  100 P9n3 

- 

I - 

- 1 1  

- ~~ ~ ~ ~ ~ ~ _ _  

5 to 28 p C i e  I 5 pCi23,4 1 1  Radium226 I 

Radon-222 l~ - 300 p c i 9  

- 

I 

340 PgR' Zinc ~i - 
Lead-21 0 2 to 8 pc i i '  0.5 p C i 4  

I 

~ 

I 

Thorium230 - 1.04 1 1  

II II 4 mren+* I Gross Beta - 
'Based on carcinogenic nonradionudide risk 

Uranium234I238 

Gross Alpha (minus radium and uranium) 

ZBasedi on the Safe Drinking Water Act (SDWA) 
3Based on the Uranium Mill Tailing Radiation Control Act 
'Based on Utah Ground-Water Standards 
5Basedi on noncarcinogenic risk 
'Basedl on carcinogenic radionudide risk 
'Utah Surface Water Aquatic Wildlife Standard 
8EC0 Update, Ecotox Thresholds, llntermittent Bulletin, Vol. 3, No. 2 (EPA 1996) 
%DWA proposed 

l 1  I 39 to 160 p C i '  

I 

30 p C i 3  
I 

~ - 15 pciz*3*4 I 
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3.0 Water Sampling Locations and Frequency 

As specified in the Monticello Mill Tailings Site, Operable Unit III, Annual Monitoring Program 
(DOE 1997), the semiannual sampling program consisted of sampling six monitoring wells and 
four surface-water locations in April 1998 and 24 monitoring wells and eight surface-water 
locations sampled in October 1997 and 1998. These ground-water and dace-water samples 
were collected on a variable schedule h m  sampling locations specified in Table 2-1 under the 
column “Annual Monitoring Events.” 

3.1 Interim Remedial Action Data Collection Events 

Under this plan, (beginning in 1999) 16 monitoring wells and six surface-water locations will be 
sampled biannually in January and July, 26 monitoring wells and 10 surface-water locations will 
be sampled in April, and 40 monitoring wells and 1 I surfke-water locations will be sampled in 
October. These ground-water and surface-water samples will be collected on a variable schedule 
from sampling locations specified in Table 3.1-1 under the column “Interim Remedial Action 
Data Collection Events” and shown in Figures 3.1-1 and 3.1-2. 

Of the locations tallied above, three new surface-water sampling llocations were selected on the 
Millsite for sampling beginning in January 1999. These locations were selected after considering 
previous source areas and current field observations. Five temporary wells wen installed on the 
Millsite during February 1999. These five wells will be sampled (unless dry) during the quarterly 
sampling in 1999 to determine if permanent well installations are warranted in those areas. One 
new surface-water sampling location was selected downstream of where significant soil and 
sediment remediation (downstream of E 30500) was performed during 1998 for sampling 
beginning in April 1999. Additional suhce-water and ground-water sampling locations will be 
added to the quarterly monitoring program through the issuance of Program Directives in 
response to changes in the Montezuma Creek channel due to excavation and restoration activities 
and in association with well installation activities planned for October 1999. 

The following information was considered in designing the sampling network. During the fall, 
Montezuma Creek exhibits base flow conditions, water levels in the alluvial system are generally 
the lowest, and con taminant levels are generally highest in both Surface water and ground water. 
Therefore, an October sampling event is designed to ‘be the most extensive sampling round. 
Locations west of U.S. Highway 191 and throughout the OU I11 study anxi will be monitored in 
October, including monitoring wells completed in the alluvial aquifer, the B m  Canyon, Dakota 
Sandstone, and Mancos Shale Formations, and surface water in Montezuma Creek. 

During the spring, Montezuma Creek exhibits high-flow conditions, water levels in the alluvial 
aquifer are generally the highest, and contaminant levels are generally lowest in both surface 
water and ground water. An April sampling event was chosen to coincide with these flowlwater 
level conditions. Monitoring during April will not be as extensive as during the October event; 
areas upgradlent and crossgradient of the former Millsite and Burro Canyon monitoring wells 
east of well 92-1 0 will not be sampled. These areas are not included in the April sampling 
ibecause previous sampling results indicate that the ground-water quality does not fluctuate 
significantly during the year and, in the case of the far downgradient Burro Canyon wells where 
artesian conditions occur, remediation at the Millsite is not expected to impact the water quality. 
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Table 3.1-1 Ground-Water and Surface-Water Sampling Locations and Frequency for Data Collection 

I 

I 

I 

I 

INTERIM REMEDIAL ACTION 
DATA COLLECTION EVENTS' 

ANNUAL 

I EVENTS 
SAMPLING LOCATION MONITORING 

1 I I I 
I 

General 
Location 

I 

Upgradient 
~ 

I 

I 

Millsite 

Downgradient 

I I  

Mancos Shale 

Surface Water 1 

"IRA sampling events are those established by this document; sampling to be initiated in 1999. 
Temporary wells were installed and initial sampling occurred in February 1999. 
Well1 82-09 is located within a bull elk pen. Sampling of this well will not occur if the elk are present. Contact 
owner one week prior to sampling to make arrangements for removing the elk. 

Well 92-07 was damaged in June 1999. Sampling willi be attempted in July 1999 and discontinued thereafter. 
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Table 3.7-7 Ground-Water and Surfacewater Sampling Locations and Frequency for Data Collection 
(continued) 

INTERIM REMEDIAL ACTION 
DATA COLLECTION EVENTS" 

~ p r i ~  October 

ANNUAL 

EVENTS 
SAMPLING LOCATION MONITORING 

I ' I  

Location ' 
I 

l l  

Alluvial1 

Burro Canyon 

X ' X  

I I SW9Wl4 I I XC X I X 

"IRA sampling events are those established lby this document sampling to be initiated in 1999. 
bThe last sampling of W 4  occurred in January 1999; subsequent to that sampling, Montezuma Creek was 
remediated and flow contained within pipe in that area. 

The first sampling at S W s m  occurred in April 1999. 

The April sampling event includes all alluvial monitoring wells and surface-water sampling 
locations downgradient of the Millsite. 
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During January and July, sampling will focus on surface-water locations on the Millsite and 
alluvial wells and surface-water locations downgradient of the site. These locations are sampled 
during each quarterly sampling event and are expected to most quickly reflect changes brought 
on by source removal at the Millsite or excavation activities. 

As shown in Table 3.1-1 , the data collection sampling strategy lhas not changed from that which 
was implemented during 1997 and 1998. Ground-water and surface-water quality upgradient of 
former tailings piles is well characterized. Annual sampling of these locations in October is 
sufficient to monitor for major changes in quality of water entering the site. 

Downgradient of the Millsite, the data collection sampling strategy is simillar to that which was 
implemented during 1997 and 1998, however, the frequency of sampling and the number of 
alluvial monitoring wells to be sampled has increased. These changes were made in anticipation 
of changes that may be seen in ground-water quality and flow direction and will provide data 
necessary to update ground-water flow and transport modeling performed in support of a 
remedial alternative evaluation in the OU III Feasibility Study (DOE 1998c). 

3.2 Peameable Reactive Treatment Wall Ground-Water Sampling 

Ground-water monitoring activities associated with the permeable reactive treatment (PeRT) wall 
are monitoring treatment performance of the PeRT wall and monitoring performance of the 
slurry walls. The effectiveness of the PeRT slurry walls in capturing and diverting ground water 
to the gate will be evaluated by monitoring ground-water levels (Section 4.6) and conducting a 
tracer test. A second tracer study will ibe conducted to aid in understanding the ground-water flow 
patterns and residence time through the PeRT wall. Using tracer travel times and ground-water 
elevation data, the volumetric flow rate passing through the gate will be estimated. Monitoring 
activities associated with this tracer study will be added by issuing a Program Directive after the 
results of the slurry wall tracer test are evaluated. Monitoring wells will be installed using the 
Geoprobe System after PeRT wall installation is complete (planned for July 1999). Well 
installation procedures are described in the OU 111 IRA Work Plan (DOE 1999b). 

3.2.1 P.eRT WaM Performance Monitoring 

The performance of the PeRT wall as a treatment technology will be evaluated by measuring 
water levels (discussed in Section 4.6) and collecting ground-water samples at 55 well locations, 
including 7 upgradient of the wall, 36 within the reactive media, and 12 downgradient of the 
wall. Six locations will have dualcompletion wells fonning a transect passing through the center 
of the reactive media (parallel to groundwater flow). Therefore, there are actually 6 1 wells in the 
monitoring well network. One dual-completion well will be located upgradient of the PeRT wall, 
four within the wall, and one downgradient of the PeRT wall. Water sampling of these wells is 
scheduled for September, October, and November 1999 and then quarterly, concurrent with the 
Data Collection Sampling (Section 3.1) beginning in January 2000. The location of the wells to 
be sampled to evaluate the PeRT wall as a treatment technology are shown in Figure 3.2.1-1. 
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During each sampling event, samples will be collected fiom all 61 PeRT wall monitoring wells 
for metals analysis. Samples will also be collected during each sampling event fiom some of 
these monitoring wells for anion, cation, iron, and manganese analyses. Radium-226 analysis 
will be performed on samples collected fiom some monitoring wells during three sampling 
events. Table 3.2.1-1 specifies for each monitoring well the frequency of sample collection for 
each of the analyses that are to be performed. 

In addition to the 61 PeRT wall performance monitoring wells, ground-water samples will be 
collected quarterly fiom existing wells 92-1 1 and 88-85 located approximately 500 ft and 70 ft, 
respectively, upgradient of the wall and at P92-07,82-08 and 82-07 located approximately 700 
to 900 ft downgradient of the wall. Additionally, samples will be collected quarterly fiom four 
wells that are proposed for installation in October 1999 located approximately 300 ft 
downgradient of the wall. If changes are needed to the sampling strategy proposed in 
Table 3.2.1-1, Program Directives will be issued to redirect field sampling activities. 

The following rationale was used to design the PeRT wall performance monitoring network. To 
determine the contaminant removal efficiency for arsenic, molybdenum, selenium, uranium, and 
vanadium, well installation and sampling for metals analyses is planned upgradient, within, and 
immediately downgradient of the PeRT wall. The dual-level well installations across one transect 
of the reactive media will be used to help evaluate PeRT wall performance as a function of depth. 
Because these are primary objectives of the PeRT wall treatability study, all monitoring wells 
will be sampled during every event. 

To determine if iron and manganese are leaching fiom the zero valent iron, concentrations of iron 
and manganese will be measured in samples collected along three transects of the reactive media, 
at downgradient wells located in a row 1 foot from the reactive media, at downgradient wells 
located Starting about 25 ft fiom the center of the reactive media, and then on 2 0 4  centers along 
a 100-ft line oblique to the direction of ground-water flow. 

Information about the tendency for the PeRT wall to clog due to mineral precipitation within the 
zero valent iron media will be obtained by monitoring ground water levels across the wall over 
time. If water levels indicate that the gradient across the PeRT wall reactive media is increasing, 
the clogging may be occurring reducing the hydraulic conductivity. Sample results will provide 
data to estimate the amount of mineral precipitation in the reactive media. Water-level 
measurements are further discussed in Section 4.6. 

Performance of the ZVI reactive media could be affected by physical and chemical parameters of 
the ground water. The parameters pH, Eh, dissolved oxygen, temperature, electrical conductivity, 
and major cations and anions will be monitored. Field parameter measurements are further 
discussed in Section 3.2.2. 

3.2.2 Slurry Wall Tracer Test Monitoring 

A slurry wall tracer test will be conducted to determine if leakage is occurring through or beneath 
the slurry walls. Tracer movement will be monitored at 26 locations, corresponding to the six 
wells adjacent to the upgradient sides of the walls, the two upgradient performance monitoring 
wells at the corners of the gate, four wells east of the north wall, and 14 wells east of the south 
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wal4 as shown in Figure 3.2.2-1. Monitoring will begin one week after the bromide tracer is 
injected and will continue on a weekly basis until' the tracer is detected at the upgradient corners 
of the reactive media. Samples will be collected for bromide analysis by ion chromatography (see 
Sections 5.1 and 5.2). 
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Table 3.2.1-1 PeRT Wall Perfonnance Monitoring Schedule (continued) 
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Table 3.2.1-1 PeRT Wall Perf0 Monitoring Schedule (continued) 

I SeDtemberlOctoberlNovember 1999 

I I 

'Ra-226 sample will be collected at this location during September 1999 only. 
bLoCation will be sampled July 2000 and July 2001 for Ra-226. 
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Figure 3.2.2-1. PeRT Wall Water-Level and Tracer Monitoring Locations 
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4.4) Sampling Procedures 

4.1 Work Area Preparation 

Site preparation and equipment handling will be conducted to minimize the potential for cross- 
contamination of samples and sampling equipment. This may require use of plastic sheeting or 
wash basins beneath equipment set on the ground or tables, stowing equipment after 
decontamination in plastic bags, and excluding non-essential personnel or vehicles f b m  the work 
area. 

4.2 Well Purging 

4.2.B WeUIPurgeCriteria 

Prior to collecting a ground-water sample fiom a monitoring well, the well will be purged 
according to the procedural and equipment requirements prescribed in this section. The goal of 
purging is to remove potentially unrepresentative water fiom the well casing and filter pack while 
allowing new formation water to recharge the well in the sampling interval. 

Purge water will be managed as follows: 

1. Purge water from upgradient alluvial and bedrock wells will be released to the ground at 
the well site. 

2. Contaminated alluvial ground water from Millsite and downgradient wells will be 
contained and released to Pond 4, if available, or to a designated decontamination facility. 

3. Purge water from all other bedrock wells will be contained and then released to the ground 
at the well site if field parameter values are consistent with previous measurements. If not, 
the water will be released to Pond 4, if available, or to a designated decontamination 
facility. 

;The depth to ground water will be initially measured with an electric sounder before purging the 
well (GJO Procedure L*2[TiJ of the GJO Environmental Procedures Catalog [iwASTREN-GJ 
and MACTEC-ERS 19961; Appendix A). Well depth, casing diameter, radius of well bore, and 
depth to water will be used to calculate the volume of water in the borehole. Well completion 
logs (Appendix B) will be available in the field to provide the correct dimensions for volume 
calculations. 

The volume of water to be purged from wells has been revised from the criteria in the "Standard 
Practice for Purging of Monitoring Wells" (GJO Procedure LQ-3[p], Appendix A). One of four 
purging methods will be used. These methods include 1) purging a minimum of one borehole 
volume and field parameter stabilization (conventional purging), 2) low-flow purging and field 
parameter stabilization, and 3) purge until the well is dry. The fourth method will only be used at 
the PeRT wall performance and tracer monitoring wells. At these wells, sample collection can 
begin after one tubing vo1,ume has been removed. 
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In the first method, sample collection will ;begin after a minimum of one borehole volume has 
;been evacuated and measured field parameters will have stabilized. A minimum of one reading 
of each field measurement will be recorded approximately every one-sixth borehole volume 
calculated. The borehole volume is determined according to the following equations: 

Casing Volume (gallons) _, , = 
- - r 

h, = 
h, = 
7.48 = 

x =  

Filter Pack Volume (gallons) = 

rl - 
r2 - 

h, = 
h2 = 
h3 = 
7.48 = 
0.301 = 

- - 
- 
- 
- - x 

{r/12), x x x (h, - hJ Y 7 tf, ;;;%e= 
radius of well casing (ich [in.]), 
3.14, 
depth of well (feet [ft]) fiom top of well casing, 
depth to water (ft) h m  top of well casing, 
gallons per cubic ft. 

[(r412), - (r,/12)2] x x x (h3 - ha x 7.48 ~0.30, if h,<h,, or 
[(rZ/12), - (r1/12)2] x x x (h3 - h,) x 7.48 x 0.30, if hl>h2, where 
radius of well casing (in.), 
radius of well bore (in.), 
3.14, 
depth to water (ft) from top of well casing, 
depth to top of filter pack (ft) from top of well casing, 
depth of well (ft) fiom top of well casing, 
gallons per cubic ft, and 
estimated porosity of filter pack (30 percent). 

Borehole Volume = Casing Volume + Filter Pack Volume 

The second purging method involves pumping at a low flow rate (<O. 125 gallons per minute 
~[gal/min]) with a dedicated pump. In theory, the slow pumping rate will allow water to flow 
directly from the formation to the pump intake. The slow pumping rate will result in minimal 
mixing with the stagnant water column above the pump intake, minimal pumping-induced 
turbidity, and minimal disturbance of sediment collected in the end cap of the well. 

Wells with dedicated pumps or dedicated tubing may be purged using the following project- 
specific requirements. The intake of the dedicated pump or tubing should be placed in the middle 
of the screened interval or slightly above the middle of the screen. Initial pumping rate should not 
exceed 0.125 gal/min, and the water level in the well should lbe monitored during the purging 
process. If the measured drawdown in the well exceeds 0.3 feet, then the pump rate should be 
reduced to keep the drawdown less than 0.3 feet. A final water level will be measured and 
recorded on the Field Data Sheet prior to sample collection to document that the low-flow 
criteria (less than 0.3 foot drawdown) was met. If the drawdown cannot be kept less than 
0.3 foot, then the conventional well purging technique should be used. 

After the start of the Now-flow purging process, purge water measurements of temperature, 
conductivity, pH, and turbidity will be taken at regular intervals fiom 3 to 5 minutes apart. 
Sample collection will begin as soon as these parameters stabilize and one pumphbing volume 
has been removed; stabil'ization criteria for low-flow purging is the Same as the conventional well 
purging (see Section 3.2.2). 
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At very poor yielding wells, the well may be purged dry. In this case it is assumed that all 
unrepresentative water has been removed and that sampling can proceed when sufficient 
recovery has occurred. 

4.2.2 Field Parameter Monkwhg 

;The parameters temperature, conductivity, pH, and turbidity will be monitored throughout the 
well purging process. For wells that are pumped, probes to monitor temperatme, conductivity, 
and pH will be immersed in a flow-through cell (GJO Procedure LQ-lop]) during purging. If a 
pump is not used for purging the well, measurement of temperature, conductivity, and pH will be 
made in an open container. Turbidity will be measured with a portable turbidity meter which 
requires a sample to be obtained fiom the pump/flow cell discharge or fiom the bailer. 

The calibration and quality control (QC) procedures for field measurements obtained for ground- 
water stabilization criteria are presented in Table 4.2.2-1. The criteria defining field parameter 
stability have been revised from GJO Procedure LQ-3[pIl as follows: stability is indicated when 
turbidity is 5 5  nephelometric turbidity units (NTUs), pH is within f 0.3 pH units, and 
conductivity and temperature are each within f 10 percent of the most current three consecutive 
readings. For conventional purging, a minimum of one reading will be recorded for 
approximately every one-sixth borehole volume evacuated. Sample collection may commence 
after one borehole volume is purged and stability criteria are met. For low-flow purging, 
parameter measurements will be made at the start of purging and every 3 to 5 minutes, until 
stabilization occurs. I fa  well is purged dry, all stagnant water is assumed to have been removed 
from the well, and sampling can occur when sufficient recovery has occurred (sample collection 
fiom slow recovering wells is discussed below). Alkalinity wi 
well purging criteria have been met. 

e measured in the field after 

If the 5 NTU criteria cannot be attained and proper well construction and development have been 
demonstrated, sampling will commence and the results will be evaluated with consideration of 
sample turbidity. 

Procedures for the field measurement of pH, conductivity, alkalinity, temperature, and turbidity 
are presented in Appendix A (GJO Procedures LQ-4m, LQ-5[T], LQ-irm, L Q S m ,  and 
LQ-24fT1, respectively). The standard solutions used for calibration and operational checks on 
the field instrumentation will be brought to within 10 degrees centigrade ('C) of the temperature 
of the purged water. A three-point check will  be performed on the conductivity probe at the start 
and end of each sampling day. The pH meter will be calibrated before taking measurements at 
each well, and the conductivity and turbidity measuring devices will be operationally checked 
before taking measurements at each well. Any deviations fiom these measurements or instrument 
failures that can not be corrected prior to sample collection will be documented as a field 
variance in the field logbook (reference Section 4.5.6, Nonconformance and Corrective Action 
Procedure). 

In addition to the parameters listed above, Eh and dissolved oxygen (DO) will be measured at all 
ground water sampling locations where well purging is accomplished with a pump. The Eh and 
DO measurements will be taken according the procedures presented in Appendix A (GJO 
Procedure LQ-6m and LQ-Sm, respectively) after purging and prior to sample collection. 
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Table 4.2.2-1 calibration and QC Procedures for Well Forge Criteria 

Calibrate with 
KCL 
standard 

None 

Operationally 
check to NTU 
standards 

Method 

At each sample *lo% most If calibration is not Recardas 
location before current three achieved check meter, a Field 
obtainingthe consecutive probe, and standard. , Variance 
sample readings Repeat calibration. If in the field 

At each sample il 0% most Check meter and Record as 
location before current three iprobe. Repeat a Field 
obtaining the consecutive measurement If still Variance 
sample readings out, flag data. in the field 

At each sample i 5 N N s  most Check meter, batteries, Record as 
location before current three and standards. Wipe a Field 
obtainingthe consecutive NTU standard Variance 
sample reading container clean. in the field 

Repeat logbook 
measurements. If still 
out, repeat primary 
calibration. I 

still out, flag data. logbook 

llogbook 

LQ-24(T) 

Applicable 
Parameter 

pH (water) 

Conductance 

Temperature 

Turbidity 

QC Check 'Minimum 
Frequency 

Acceptance 
Criteria 

Corrective 
Actions 

Data 
Flagging1 
Criteria 

2 point 
calibration 
with pH 
buffers 

At each sample 
location before 
obtaining the 
sample 

fo.3 pH units If calibration is not 
achieved check meter, 
probe. and buffer 
solutions. Repeat 
calibration. If still out, 

I flagdata. 

IRecord as 
a Field 
Variance 
in the field 
logbook 

4.2.3 Purging Methods and Equipment 

Well purging will be accomplished using a peristaltic pump, bladder pump, bailer, or 
submersible pump using Methods A, B, C, or D in the "Standard Practice for Purging of 
Monitoring Wells" (GJO Procedure LQ-3p], Appendix A). Purging (and sampling) equipment 
is documented on the water sampling field data form for each well (Appendix A, GJO Procedure 
LQ-3 PI)- 

43.1 Ground Water 

Sample hctions not requiring field filtration will be collected directly fiom the pump discharge 
line (not the flow-through cell discharge) or directly fiom the bailer, depending on the purge 
method. Bailed samples requiring field filtration will first be poured into an unused dummy 
sample bottle h r n  which the sample will then be pumped by a peristaltic pump through an in- 
line filter to the sample bottle. Pumped samples will be filtered by directly affixing the filter to 
the discharge line outlet. Samples will be filtered through 0.45-micron (pm) in-line disposable 
cartridge-type filters. 

Standard collection procedures are described in "Standard Practice for the Collection, Filtration, 
and Preservation of Liquid Samples" (GJO Procedure LQ-l2[p], Appendix A). Radon-222 
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samples will be collected with a bladder pump, bailer, or a submersible pump, as described in 
Methods B, C, or D, respectively of GJO Procedure LQ-121pI. The remaining ground-water 
sample fktions may be collected by either peristaltic pump, bladder pump, bailer, or 
submersible pump, using Methods A, B, C, or D, respectively of GJO Procedure LQ-l2[P]. 

Water samples collected for radon-222 analysis will be collected with no headspace or bubbles in 
the container. All other water sample containers will be filled to approximately 90 percent 
capacity. If the container overflows when being filled with the collected sample, the exterior of 
the container will be rinsed with distilled water and wiped dry before being packed for shipment. 

Whenever full well recovery exceeds 2 hours, samples will be collected as soon as sufficient 
volume is available for a sample for each parameter. Care will be taken to pump wells slowly 
that have a low recharge rate. The slow pumping will minimize formation water cascading down 
the sides of the screen potentially resulting in accelerated loss of radon. 

43.2 Surface Water 

Surface-water sampling locations will be approached fiom downstream to minimize the potential 
for introducing sediments into the sample fbm walking in the creek. Surface-water field 
measurements of pH, temperature, and conductivity will be taken in-situ; alkalinity will also be 
measured in the field. All surface-water samples except those requiring filtration, will be 
collected by container immersion by pointing the bottle mouth upstream (GJO Procedure 
LQ-1 1 [PI, Appendix A, Method G). Filtered samples will be collected with a peristaltic pump 
(Method A) with the pump intake submerged in the stream. Samples will be filtered through 
0.45-p in-line disposable cartridge-type filters. Filtered samples will be collected for 
metals and radionuclides (except radon-222) analyses fiom all dace-water locations. Unfiltered 
samples will be collected for metals and radionuclide analyses fiom three locations: S W99-0 1, 
SW99-04, and SW92-06. 

4.4 Water Sampling Equipment 

Table 4.44 lists equipmentaud supplies for ground-water sampling. 

QC samples that will be collected in conjunction with water sampling include field duplicates 
and field equipment Wanks. Refer to Table 4.5-1, Quality Control Sample Collection and Repeat 
Measurement Frequencies. 

Duplicate dace-water and ground-water samples will be collected in the field on a fiequency of 
one duplicate sample per 20 water samples (or less) for each media and analytical parameter. 
Surface-water and ground water are considered separate media in the context of field duplicates. 
Duplicate water samples will be collected by alternately filling the original and duplicate sample 
container per analytical parameter. Duplicate samples will be submitted blind to the laboratory 
under a fictitious identity that is similar to the actual samphg locations. 
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Surface water 

Ground waterlSurface Water 

Ground-water-water level 
measurement 

Surface-water-Stream 
discharge measurement 

Table 4 . 4 1  Water Sampling Equipment 

I 
I Field Duplicate 1 1 per 20 or fewer 

1 I locations 

~ Equipment Blank ~ ~ 1 per 20 or fewer 
~ 1 locations 

~ Repeat measurement I 1 per 20 or fewer 1 ' locations 

I Repeat measurement ~ 1 per 10 or fewer 
1 locations 

I 

Turbidity Meter and1 Standards 
HACH Alkalinity Kit 
Flow Cells 
YSII Water Quality Monitor (temperature. conductivity, 

Electric Water-Level Indicator 
Masterflex Peristaltic Sampling Pump (or equivalent) 
Grundfos Redi-Flo2 Model Submersible Pump (with 

control box and tubing) 
Purge Water Containers 
Portable Generator 
Compressor 
QED Dedicated Bladder Pumps, Models T-1200 and 

QED Bladder Pump Control Box 
Teflon Bailers 
Bailer  reel 
Disposable Bailers 
0.45pm Pore-Size Disposable Filters 
Sample Bottles 
Conductivity Solution 
&bel Solution 
Concentrated HCL, H,SO,, and HNO, 
pH Buffers (4,7, and 10) 
100.1.000,10,OOO pmhdcm Conductivity Solutions 
pH Paper 
Pipette with Tips 
Silicone Tubing 
Buckets 

Eh, and pH) 

T-1500 

Dissolved Oxygen Meter. Membrane kit, and Zero 
Check Solution 
Deionized Water 
Alconox 
Absorbent Ti iues 
Custody Seals or Evidence Tape 
Ice Chest with Blue IceMlet Ice (or equivalent) 
Field logbook 
Chain of Sample Custody Forms (form GJO 1512) 
Material Safety Data Sheets (MSDSs) 
Water Sampling Field Data Sheets 
Ticket Book (with bar codes) 
Well Completion Information 
Calculator 
Latex Gloves, Safety Glasses, Steel-Toed Boots, 

Squirt Bottles 
Toolbox 
Card Table 
Gasoline 
Well Keys 
Waste Containers 
Field Sampling Plan 
Two-way Radio 
Plastic Sheeting 
Flagging Tape 
Clear Tape 
Sample Labels 

and Hard Hats 

Table 4 . 5 1  Quality Control Sample Collection and Repeat Measurement Frequencies 

Matrix 11 SarnpleType 1~ Frequency I Analysis 

Ground water Same as environmentall I sample 
1~ Field Duplicate 

Same as environmental1 
sample 

Same as environmental 
sample 

Not Applicable 

Not Applicable 

4.5.2 Equipment Blanks 

Equipment blanks provide a check for crosscontamination of samples by ineffective equipment 
decon tamination. At a minimum, one equipment blank sample will be prepared in the field for 
every 20 water samples (or less) that are collected with nondedicated equipment. Additional 
equipment blanks will be cokcted when circumstances warrant (Le., change in decon source 
water or assigned personnel). Equipment blanks will be prepared by collecting a sample of the 
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final deionized rinse water (rinsate) used to decontaminate non-dedicated sampling equipment. 
Equipment blank samples will be submitted blind to the laboratory under a fictitious identity that 
is similar to the actual sampling locations. 

4.6 Ground-Water Level Monitoring 

For the data collection effort, ground-water levels will be measured in a total of 35 upgradient, 
Millsite, and downgradient monitoring wells. Table 4 . H  Summarizes the existing ground-water 
level' monitoring network according to the formation in which the well is completed. The 
locations of the ground-water level monitoring wells are shown in Figures 2-1 and 2-2. 
Temporary and permanent well installations are proposed in the OU III IRA Work Plan 
(DOE 1999a). Figures showing the locations of new wells will be added to this Plan by issuing a 
program directive after their installation. 

Table 4.6-7 Gmund- Water Level Measurement Network 

Well Number General 

Alluvial 92-05 

Upgradient Burro Canyon 92-06 

Dakota Sandstone 92-1 3 

Alluvial 82-20 I . 
Mills i te  

I 
Burro Canyon 93-01,31 SW93-200-1 

Dakota Sandstone 31 SW93-200-2 
I Mancos Shale 31 SW93-200-3,31 mv93-200-4 

' 82-07,82-08,82-09,88-85,95.011, 95-03,92-07O, 92-08, 
i ~ 92-09,92-11, P92-01, P92-02. P92-03, P92-04. P92-05, 
1 1  P92-06, P92-07, P92-09 
I 1  

Downgradient . I 

Alluvial 

Burro Canyon I 1  95.02,9!j-O4,9~.9~8.92-10,31NE93-205 

83-70 Burro CanyonDakota ~ 

Sandstone 1 1  
I 1  

I Dakota Sandstone 1 1 ~  92-12,95-07 
Jell 92-07 was damaged in June 1999. A water-level measurement will be attempted in July 1999 and 

discontinued thereafter. 

As indicated in Table 4 . 6 1  , the current monitoring well network consists of 19 wells completed 
in the alluvial system, 9 wells completed in the Burro Canyon Formation, 1 well completed in the 
Burro Canyon/Dakota Sandstone, 4 wells completed in the Dakota Sandstone, and 2 wells 
completed in the Mancos Shale. 

Ground-water levels in the existing monitoring wells will be measured in January, April, July, 
and October every year to coincide with water quality monitoring and surface-water discharge 
measurement, which is described in the following section. Water levels in the temporary wells 
will be measured monthly for four months after their installation and then bi-monthly until major 
Millsite restoration activities necessitate their abandonment. Water levels in proposed permanent 
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wells will be monitored quarterly to coincide with water quality monitoring. The water-level 
measurement network will be periodically reviewed and updated. This may include adding or 
subtracting wells fiom the network and/or changing the measurement fkquency. 

For the PeRT wall treatability study effort, water levels in all PeRT wall performance monitoring 
wells listed in Table 3.2-1 will be measured during every sampling event. This water-level 
information will be used to determine ground-water flow directions through the reactive media 
and to monitor any ground-water moundmg that may occur. In addition to the performance 
monitoring wells, water levels in 28 piezometers will be measured monthly through November 
$999 and then quarterly beginning in January 2000. Water levels will be measured in slurry wall 
tracer test wells weekly in conjunction with sample collection during the duration of the slurry 
wall tracer test. 

Repeat measurements for depth to water will be taken to verify method repeatability. Water level 
measurements will be repeated once for every 20 (or less) measurements. 

Measurement of depth-to-water in monitoring wells will be made to the nearest 0.01-ft with an 
electric sounder as described in Method A in the "Standard Test Method for the Measurement of 
Water levels in Ground-Water Monitoring Wells" (GJO Procedure LQ-2m, Appendix A). The 
document revision accompanying the procedure specifies the reference point on the well fiom 
which the depth measurements will be made. 

The measured depth--water in the wells will be recorded in a hand-held electronic data entry 
device. Under certain field conditions, water level information may be recorded initially into the 
bound field logbook and transferred to the electronic data base at the earliest opportunity. 

4.7 Monitoring Well 1nspecti0111 

Inspection of all monitoring wells listed in Table 4 .61  will occur in conjunction with the 
scheduled sampling according to the procedures described in the "Standard Practice for the 
Inspection and Maintenance of Ground-Water Monitoring Wells" (GJO Procedure LQ-1 8pJ, 
Appendix A). Well inspection information will be recorded in a hand-held electronic data entry 
device (GJO Procedure Le2[T], with document revision) or in the logbook as appropriate. 

4.8 Supfacewater Discharge Monitoring . 

4.8.1 Discharge Monitoring Locations 

Surface-water discharge will be quantitatively measured at 9 sites along Montezuma Creek. 
Discharge measurements will be taken at SW92-03 (on Montezuma Creek) located upstream of 
the Millsite. The discharge measurement site located on the Millsite is S W99-0 1. Discharge sites 
SW92-06, Sorenson, SW92-07, SW92-08, SW92-09, SW94-01, and SW99-04 are located 
downstream of the Millsite. The locations of the surface-water discharge monitoring sites are 
shown on Figure 2-1 and 2-2. Surface-water discharge will also be estimated at locations 
SW99-02 and SW99-03 on the Millsite. 
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4.8.2 Discharge Monitoring Frequency 

@ Surface-water discharge measurements will be taken in October, April, and July concurrent with 
water quality sampling and water level measurement activities. Discharge measurements will not 
be attempted in J a n w  because previous observations indicate that Montezuma Creek is mostly 
frozen during this time of year. 

4.8.3 Repeat Measurements 

Repeat measurements for surface-water discharge will be taken to verify method repeatability. 
Surface-water discharge measurements will be repeated once for every ten (or less) locations. 

4.8.4 Method of Discharge Measurement 

Due to the diffuse nature of flow at locations SW99-02 and SW99-03 on the Millsite, flow at 
these locations will be qualitatively estimated. Stream velocity and discharge at the other 9 
measurement sites along Montezuma Creek will be determined according to the velocity-area 
method (GJO Procedure LQ-261T] and LQ-27m, Appendix A). Stream discharge will also be 
measured at locations on the Millsite where weirs are installed and may be measured at Millsite 
pond outlets (once constructed) if feasible. 

The velocity-area method consists of measuring the representative current velocity in each of 
multiple partial cross-sections of stream flow. Total discharge at a given location is the sum of 

@ the area-velocity products of the individual sections. 

The appropriate number of partial sections for velocity measurement is an arbitrary determination 
due to natural variability in channel shape, size, roughness, and velocity distribution. As a 
general guideline therefore, a frequency of one velocity measurement per 0.54 of stream width 
will be adopted, with the initial measurement taken 0.25-ft from the reference stream bank. At a 
minimm, the stream depth will be measured at the midpoint and two endpoints of each partial 
section, including the depth immediately adjacent to each bank. Stream width and depth 
measurements will be recorded to the nearest 0.1 ft and 0.025-ft, respectively. 

Within each partial cross-section, the velocity will be measured at six-tenths the total depth 
relative to the upper surface, approximating the average velocity in typical stream depth-velocity 
profiles (LQ-27m). Within a 1 -ft depth stream section, the velocity will therefore be measured 
at 0.6 ft below the water surface or 0.4-ft above the stream bed. 

Stream velocity will be measured with a Swoffer Model 2 100 Series Current Velocity Meter 
(rotating element type), or equivalent. Features of the Swoffer meter include the true depth and 
six-tenths index scales for rapid depth placement of the rotating element. Velocities will be 
determined from a 30-second velocity averaging period. Calibration and operation of the current 
meter will proceed according to the manufacturer's recommendations and the general guidelines 
described in LQ-26(T). Instrument calibration results will be documented in the field logbook. 
Additional information to be recorded by field personnel includes recent and current weather 
conditions, crop irrigation (location, point of withdrawal, number of sprinkler heads, etc.), 
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presence or absence of water in tributary streams, bank seepage, and other surface-water 
withdrawals orreturns. 

The accuracy of streamdischarge measurements by the velocity-area method is a function of 
meter accuracy, area and depth measurement accuracy, and representativeness of the measured 
velocity. To minimize the effects of natural variation on measurement accuracy, the following 
factors will be considered prior to measurement: 

0 Straight stream reaches are preferred. 

e Uniform flow within a single, well-defined, smooth channel is preferred with no overbank or 
underbank flow. 

0 Avoid overhanging brush and submerged vegetation. 

0 Avoid irregular, rough stream bottoms. 

0 Avoid eddied, turbulent, and stagnant water. 

0 Observe rotating elements during velocity measurement to confirm proper operation. 

Table 4.8.4-1 itemizes the equipment needs for measuring stream discharge. 

Table 4.8.4-1 Surfacewater Discharge Measurement Equipment 

Swoffer Current IMeter (or equivalent) with operations 

Steel Tape (25 ft) or equivalent 
IDeionized Water 
Alconox 
Absorbent Tissue 

manual' and spare parts 
Field ILogbook 
Squirt Bottles 
Waste Containers 
Field Sampling Plan 
Two-way Radio 

4.9 Equipment Decontamination Procedures 

Non-dedicated water sampling equipment will be decontaminated prior to the collection of each 
sample. Decon tamination will proceed according to Method B of the "Standard Practice for 
Equipment Decontamination" (GJO Procedure GT-7[P], Appendix A). 

Decontamination water from ground-water sampling sites will be managed with purge water, as 
described in Section 3.2.1. Decontamination water at surface-water sites will be released at the 
stream side. Decontaminated equipment will be wiped dry with clean absorbent tissue and placed 
in clean protective containers or plastic bags until fiuther use. 
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4.10 Investigation Derived Waste 

All excess water generated during ground-water sampling activities (purge water and 
decontamination water) will be managed as described in Section 4.2.1. 

Trash generated during all samplinglmeasurement tasks will be disposed in trash receptacles 
located within the DOE property boundaries. 
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5.0 Sample Management and Sample Analysis 

5.1 Sample Containers, Preservation, and Holding T' 1 mes 

Table 5.1-1 summarizes the containers, preservation, holding times, and analytical parameters, 
for water samples collected under this plan. 

Table 5.7-7 Sample Containers, Preservation, Holding Times, and Analytical Parameters for OU 111 
Water Samples 

~ 

Analytical Parameter 

Metals (As, Co, Cu, Fe, Mn, Mo, Pb. 
Se. Th-230, U, V, Zn)b*c 

Major Cations (Ca, Mg, K, and Na) 
(same bottles as metals) 

Major Anions (CI, F. HCOi. and 

Bromide 

Nitrate (NO, + NO, as N) 

so3 

Total Dissolved Solids (filterable 
residue) 

Gross AlphdGross IBeta' 

Lead-21 0" 

Radium-226' 

Radon-222 

U-234, and U-238' (from same bottle 
as metals) 

Container 
Type/Sizea 

HDPEd/500rnL Amber 

HDPE 

HDPUl25 mL 

HDPU125 mL 

lHDPUl25 mL 

HDPUl25 mL 

'HDPUI Le 

HDPEB L 

HDPBl L 

Amber Glass w/Teflon 
Septal3 Q 40 mL 

HDPE 

Presentation 

Filter by 0.45pm filter 
HNO, to pH*2 

Filter by 0.45-pm filter; 
Cool to 4 o c  

Cool to 4 oc 
Filter by 0.45pm filter; 
Cool to 4 oC; H,SO, to 
pH<2 

Cool to 4 o c  

,Filter by 0.45pm filter; 
IHNO, to pH<2 

Filter by 0.45pm filter; 
HNO, to pHe2 

Filter by 0.45pm filter; 
HNO, to pH<2 

Cool to 4 oc 

Filter by 0.45pm filtef; 
HNO, to pHc2 

Holding 
l ime 

6 Months 

28 Days 

28 Days 

28 Days 

7 Days 

6 Months 

6 Months 

6 Months 

Not Estab. 

6lMonths 

*Sample volumes may vary according to laboratory requirements. 
bMetal analytes for PeRT wall performance monitoring samples are As, Fe. iMn. Mo. Se. Th-230. U, and V. 
'At locations SW99-01, SW99-04, and SW92-06 unfiltered1 samples will also be collected for metals and 

'HDPE = highdensity polyethylene 
'Two samples collected at locations where analysis by separate methods is designated; see Section 5.2. ' Isotopic uranium analysis will be conducted on water samples from bedrock and *series alluvial wells only. 

radionuclide analyses. 

All bottles used will be new and pre-cleaned according to EPA protocol in Specifications and 
GuidaPrce for Contaminant-Free Sample Containers (EPA 992). Suppliers will provide 
certificates of analysis as verification of bottle cleanliness. Bottles will be visually inspected for 
integrity and cleanliness before use. Suspect containers will not be used and will be discarded. 
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Sample fractions that require cooling will be placed in a cooler after collection and maintained at 
temperatures between >O "C and 4°C until laboratory analysis. The cooler will be checked for 
the presence of ice and replenished if necessary, following final collection and storing of samples 
at each site, and prior to shipment. Cooler temperatures will be measured at the laboratory upon 
receipt. 

Preservation of some water sample hctions requires addition of specific acids to achieve a 
desired pH. Following the acidification of the appropriate samples, the required pH will be 
confirmed on a frequency of one pH measurement per acid type, per bottle size, per sample. A 
small amount of sample will be poured fiom a sample container onto pH indicator paper to 
prevent contamination of the sample. Acid preservation (or other required chemical preservative) 
will occur as soon as possible after sample collection. Preservative may be added to bottles prior 
to sample collection if practical. 

If chemical preservation cannot be accomplished at the sampling site, samples will be maintained 
at temperatures between 0°C and 4°C until preservation can occur. Unless prior approval is 
obtained, preservation will occur on the same day as sample collection and prior to sample 
shipment. 

5.2 Analytical Program 

Chemical analysis of water samples will be performed by the h d  Junction Office (GJO) 
Analytical Chemistry Laboratory. The analytical method and method detection limit for each 
analyte are shown in Table 5.2-1. Because high total dissolved solids negatively influences the 
detection of gross alpha and gross beta, a coprecipitation method in addition to GJO's Analytical 
Chemistry Laboratory standard evaporation method will be used for analysis of all upgradient 
samples and Mancos and Dakota bedrock groundlwater samples collected. These locations 
typically have total dissolved solids concentrations exceeding 500 mg/L and low to nondetectable 
concentrations of gross alpha. The coprecipitation method involves use of barium sulfate, and 
iron hydroxide to precipitate alpha emitting (and probably beta emitting) radionuclides fiom the 
sample's dissolved solids. Alluvial aquifer samples downgradient of the Millsite need not be 
submitted for analysis by coprecipitation because gross alpha and gross beta are significantly 
elevated in the alluvial system in this area (Le., there is no detection limit problem). Burro 
Canyon aquifer samples will not be submitted for analysis by coprecipitation because total 
dissolved solids concentrations are typically low in these samples. Instead, gross alpha and beta 
samples fiom these locations will be analyzed by the'standard evaporation method. The specific 
analytical method will be indicated on the sample ticket form (see Section 5.2). 

5.3 Sample Handling, Packaging, and Shipping 

Unused sampling equipment, sample containers, and coolers that have been shipped or 
transported to the site or a sampling location will be kept in clean, secure location to minimize 
damage, tampering, and possible contamination. 
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Table 5.2-1 Laboratory Reporting Limits and Analytical Methods for OU 111 Water Samples 

Analytical Parameter 

Metals 

Arsenic 
Cobalt 

llron 
Lead 
Manganese 
Molybdenum 
Selenium 
Thorium-230 
Uranium 

Vanadium 
Zinc 

Coppar 

U-234, U-238' 

Total Dissolved Solids 

Major Anions 

Chloride 
Sulfate 
IFluoride 
Nitrate (NO, + NO, as N) 
Bromide 

Major Cations 

Calaum 
Magnesium 
Potassium 
Sodium 

Radionuclides 

Lead-21 0 
Radium-226 
Radon-222 
Gross Alpha Activity 
Gross Beta Activity 

Method 
Detection UmW 

Csnl 
1 .o 
1 .o 
5.0 
50.0 
1 .o 
1 .o 
3.0 
1 .o 
1 .o 
1 .o 
1 .o 
2.0 
15.0 

10,000 

5 
50 
5 
5 
8 

10 
20 
1 00 
50 

2.0 
1 .o 

20.0 
11.0; TBDd 
1 .O; TBD 

Analytical Methodb 

EPA SW-846 7062 (HydrideAA) 

EPA SW-846 6020 (Radial ICP-AES) 

CLP Method 200.7 (Radial ICP-AES) 

EPA SW-846 7742 (Hydride-AA) 

EPA SW-846 6020 (ICP-MS) 
EPA SW-846 6020 (ICP-MS) 

EPA SW-846 6020 (ICP-MS) 

EPA SW-846 6020 (ICP-MS) 

EPA SW-846 6020 (ICP-MS) 
EPA SW-846 6020 (ICP-MS) 
EPA SW-846 6020 (ICP-MS) 
CLP Method 200.7 (Radial ICP-AES) 
CLP Method 200.7 (Radial ICP-AES) 

EPA Method 160.1 

EPA Method 300 

CIR Method 200.7 (Radial ICP-AES) 

GJO Method RC-6 
GJO Method RC5 
GJO Method RC17 
GJO Method RC3 and Method 00-0241' 
GJO Method RC3 and Method 00-02-01 

IO labomtoy methods llsted m the absence ofeasbng EPA methods 
%otoptc uranium analyses mll be conducted on water semplea collected trom bedrock and 959en#, alluvlal wells only 
TBD = To be determined. 
'Method 0&0241 (EPA 1984) IS a methodfordetermi~lg srop~alpha m dnnkrngwatefusmg v; although the method speatkally 
addresses gross alpha, beta emmng lsatopes will also proEaMy preapnate See Secbon 5.2 for method and sample lomion informam. 

Sample containers will be securely packaged to protect the contents h m  damage, spilling, 
leaking, or breaking during transport between sampling and laboratory destinations. Samples in 
glass containers will be placed in plastic bags and wrapped in bubblewrap or otherwise 
appropriately contained (slotted foam) to protect the sample container during shipment. Void 
space in shipping containers may be filled with an inert material or additional ice, if appropriate, 
to further protect and secure the contents. 

All samples will be handled, packaged, and shipped as environmental samples. Based on the 
results of prior sampling and analysis, surface-water and ground-water samples collected fiom 
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the study area do not qualify as “Radioactive Material,” and therefore do not need to be handled, 
packaged, labeled, and shipped as Radioactive Material according to MACTEC-ERS GeneraZ 
Administrative Procedure MimuaZ, Section 9.0, “Transportation of Radioactive Hazardous 
Materials” (MAC-1 000,1996). 

On arrival to the laboratory, the sample coordinator (recipient) must examine the shipping 
containers and document the receiving condition, including integrity of custody seals, when 
applicable. When opening the shipping container the sample coordinator will examine the 
contents and record the condition of the individual sample containers (e.g., bottles broken or 
leaking), the temperature of the water bath (when applicable), temperature or condition of frozen 
samples (when applicable), method of shipment, courier name(s), and other information relevant 
to sample receipt and log-in The individual receiving the samples verifies that the information 
on the sample container@) matches the informaton on the Chain of Sample Custody form prior 
to signing the Custody form. 

5.4 Sample Custody 

To ensure the integrity of the sample, the Field Supervisor or their designee, is responsible for the 
care, packaging, and custody of the samples until they are dispatched to the laboratory. The 
procedures described in “Standard Practice for Chain-of-Sample-Custody Control and Physical 
Security of Samples” (GJO Procedure GT-3 [PI, Appendix A) will be implemented to provide 
security and document sample custody. 

Custody seals and/or evidence tape will be placed on each ice chest or storagdshipping container 
that is not in direct control of a sampling team member to maintain physical security of the 
samples from time of collection to analysis. Samples not in direct control of a sampling team 
member will be stored in a secured (locked) location. Ice chests, cartons, and trays used for 
temporary sample storage that are not custody sealed must be in direct control of a field team 
member. 

If samples are transported by subcontract employees or commercial carrier, the shipping 
container will have custody seals andor evidence tape placed over the container opening before 
shipment to ensure that the integrity of the samples is not compromised during transportation. 
Custody seals are not required for containers or samples that are transported by contractor 
personnel directly to the GJO Analytical Chemistry Laboratory for analysis. Mailed sample 
packages shouId be registered with retum receipt requested. If packages are sent by common 
Canier, receipts are retained as part of the chh-of-custody documentation. Other commercial 
carrier documents shall be maintained with the chain-of-custody records. 

Chain-of-custody records will be used to list all transfers in the possession of the samples and to 
show that the samples were in constant custody between collection and analysis. Samples that are 
sent or transported to an analytical laboratory by individuals other than a member of the field 
sampling team will be accompanied by a Chain of Sample Custody form (GJO 15 12) or 
equivalent, with a copy retained by the originator. When samples are transported to the GJO 
Analytical Chemistry Laboratory by a member of the field sampling team, the Chain of Sample 
Custody form may be completed at the sample receiving facility when the transfer is made. 
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All entries in field logbooks, data sheets, and sample labels and on forms will be made with 
indelible (waterproof) ink and will be legible, reproducible, accurate, complete, and traceable to 
the sample measurements andor site location and in a manner consistent with the procedure 
described in “Standard Practice for Field Documentation Processes” (GJO Procedure GT-1 [PI, 
Appendix A). These documents will be retained as project records. These documents are 
intended to provide sdc ien t  data and observations to enable participants to reconstruct events 
that occurred during the field sampling activities. Field logbooks and forms (sample ticket books, 
sample collection data sheets, field measurements data forms, sample container certificates of 
cleanliness, custody forms, shipping forms, etc.) will be stored in a manner that protects them 
fiom loss or damage. The Field Supervisors will be the custodians of all records for the duration 
of field activities. At the conclusion of a field task or sampling event, the field and data 
collection activities will be reviewed and summanzed * in a report to the Project Coordinator. 

When practical, correction of errors should be made by the individual who made the entry. Errors 
will be corrected by drawing a line through the error, entering the correct information, then 
initialing and dating the entry. The erroneous material must not be obliterated. 

When a document requires replacement because of illegibility or inacauracies, the document will 
be voided and a replacement document will be prepared. A notation will be made on the voided 
document that a replacement document was completed. The voided document will be retained 
with the field documentation. The following sections describe the various documents that will be 
controlled and procedures for field variance reporting. 

5.5.1 Field Logbook 

Field personnel will use bound logbooks with consecutively numbered pages as field logbooks 
for each major task performed. The field logbooks will be used to record the daily activities of 
the field team, record sketch maps of sampling sites, etc., and sample locations, times, and 
identifications. Observations of conditions that may impact data quality or interpretation will also 
be noted. Each page will1 be signed and dated by the person making the entries on that page and 
by the Field Supervisor after review. An initial‘s log will be established at the ;beginning of the 
logbook to identify personnel authorized to record andor review and authenticate field data. Any 
visitors to the site (DOE, EPA, State) will be noted, as well as their arrival and departure times 
and general activities (auditing, observing, etc.) 

5.5.2 Sample Ticket Books 

Preprinted sample ticket books with unique, sequential 6-digit ticket numbers will be assigned at 
the beginning of each sampling event. All pertinent information recorded on each sample 
container label (including the project, sampler, date and time of collection, and sample location 
ID) also will be recorded in the sample ticket book. Mormation such as unusual sampling 
conditions or other observations also may be recorded. A self-adhesive decal, printed and bar 
coded with the sample ticket.number, will lbe removed fiom the sample ticket and affixed to the 
sample container label. The sample ticket books will serve as a field sample catalog and provide 
traceability of analytical data to sample locations. 
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5.53 Chain of Custody Form 

The custody of individual sample containers will be documented by recording each container's 
identification and matrix on a Chain of Sample Custody form, in accordance with the 
requirements specified in "Standard M c e  for Chain-of-Sample-Custody Control and Physical 
Security of Samples" (GJO Procedure GT-3 [p]~, Appendix A). 

These f o m  will be used to list all transfers of sample possession and will provide the GJO 
Analytical Chemistry Laboratory with the types of analysis to be pedormed to the samples. These 
forms will become part of the permanent project file upon completion of fieldwork. Copies of the 
form received by the laboratory and the subcontracted facilities will be included in the final - 
analytical report. 

5.5.4 Water-Sampbg Fidd Data Foran 

A Water-Sampling Field Data Form will be used to record and document sample collection and 
identification information, purge volume calculations, indicator parameter measurements, purge 
and sampling equipment, and instrument calibration information. An example form is included in 
GJO Procedure LQ-3(p), Appendix A. A copy of the completed forms will  be submitted to the 
GJO Analytical Chemistry Laboratory for inclusion in the final analytical report. 

5.5.5 Nonconformance and Corrective Adon  Procedure 

Deviations from specified field protocols andor sampling procedures established in planning 
documents or Standard Operating Procedures must be authorized by the Project Manager and 
fully documented by the Field Supenisor. Field variances will be reported in a timely manner for 
evaluation of impact to the daw Field variance reporting applies to deviations to (1) prescribed 
field sampling, measurement, or survey techniques; (2) specified shipping handling or storage 
requirements; and (3) decontamination procedures. A field logbook entry must be made 
whenever an activity is performed or sample is obtained that does not fall within the methods or 
protocols specified for sample, measurement or survey techniques, use of an instrument that is 
out of calibration or has failed and operational check, loss of traceability of sample, measurement 
or survey data to their location, noncompliance with established procedures, and/or loss of or 
damage to records that can not be duplicated. 

The variance should  be fully described (including an accurate reference to the document and 
section within the document that the activity varied), as well as the immediate corrective action 
taken, if applicable. Comments describing the variance will be used during sample processing 
and data evaluation to assess the use of associated results and validity of the data. For reference 
purposes, a table of contents for field variances will be established at the beginning of the 
logbook and will include the page number and a brief descriptive title for all field variance 
information that is documented in the logbook. 

Field variances that may result in a nonconformance due to unacceptable or indeterminate sample 
or data quality, will be reported to the Quality Assurance (QA) Coordinator by the Project 
Manager. If corrective action is required, the field variance will be reported as a 
nonconformance. Proposed corrective action will be approved by the Project Manager and will 

' MMTS OU III IRA SW/GW Monitoring Plan DOUGrandl Junction Office 
5-6 DRAFF July 1999 



D 
3 a 
n 
D 
X 



Appendix A 

Field Sampling Procedures 



This page intentionally blank 



Contents 

Section 

Standard Test Method for the Measurement of Water Levels in Ground-Water 
Monitoring Wells [ L e 2 0 1  .................................................. A-1 

Standard Practice for Purging of Monitoring Wells !JQ-3(P)] ....................... A-2 

Standard Test Method for the Field Measurement of pR pQ4(")] ................... A-3 

Standard Test Method for the Field Measurement of Specific Conductance !JQ-S(T)] .... A 4  

Standard Test Method for the Field Measurement of the Oxidation-Reduction Potential (OW) 
for Calculation of Eh, !JQ-6(T)] ............................................... A-5 

Standard Test Method for the Field Measurement of Alkalinity i[LQ--7(T)] .............. A d  

Standard Test Method for the Field Measurement of Temperature [LQ-8(T)] ............ A-7 

Standard Test Method for the Field Measurement of Dissolved Oxygen ~ p Q - 9 0 1  . . . . . . .  A-8 

Standard Practice for the Use of a Flow Cell for Field Measurements [LQ-lO(P)] ........ A-9 

Standard Practice for the Sampling of Liquids [LQ-1 I (P)] ......................... A-10 

Standard Practice for the Collection. Filtration. and Preservation of 
Liquid Samples pQ-l2(P)] ................................................. A-11 

Standard Practice for the Inspection of Maintenance of Ground-Water 
Monitoring Wells LQ-l8(P)] ................................................ A-12 

Standard Test Method for Turbidity of Water [LQ-24(T)] .......................... A-13 

Standard Test Method for Velocity of Water in Open Channels with Rotating Element 
Current Meters '[(LQ-26(T)] ................................................. A-14 

Standard Test Method for Open-Channel Flow Measurement of Water by Velocity- 
Area Method [(LQ-27(T)] ................................................... A-15 

Standard Practice for Preparing or Revising Procedures for the GJO Environmental 
Procedures Catalog l[GA-1 (P)] ............................................... A-16 

Standard Practice for Quality Assurance [GA.3(P)]l ............................... A-17 

Standard Practice for Field Documentation Processes [GT-1 (P)] ..................... A-18 

Standard Practice for Sample Labeling [GT-2(P)] ................................ A-19 

A-3 



Contents (continued) 

Section 

Standard Practice for Chain-of-Sample-Custody Control and Physical 
Security of Samples l[GT-3(P)] ............................................... A-20 

Standard Practice for Equipment Decontamination i[GT-7(P)] ....................... A-2 1 

A-4 



a 



Procedure 'bile: Standard Test Method for the Measurement of Water Levels in Groundwater 
Monitoring Wells, 'FQ-2(T)], Rev. 2, 11/92 

Requester Tim Bartlett, Field Supervisor 

Justification: (1) To better define the measuring point location on the well Casing. (2) Actions to 
meet the instrument check requirements are defined. (3)Time will not be recorded because it is 
not relevant. 

Proposed Change: Section 1. 1 - If the casing is not marked with a measurement refkrence point, 
and the casing is not cut horizontal, measurements will be made fkom the high point of the casing. 
Ifthe casing is not marked with a measurement reference point and the casing is cut horizontally, 
measurement will be made fkom the north side of the casing. Section 8 - Instruments will be 
checked with a steel tape on an annual basis as a minimum. When performed, the check will be 
recorded in the field logbook. Section 16.1.1 - Time will not be recorded. Water-level 
measurements will be entered into an electronic hand-held data entry device and/or field data 
book. 
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Standard Test ethod for the Measurement of 
Water Levels in Groundwater onitoring Wells 

Introduction 
Water-level measurements shall be taken prior to any sampling or well purging. These 

measurements are needed to determine the casing volume of water in the well; the data are 
used to interpret the monitoring results. High water levels could indicate recent recharge to 
the system, which would dilute the sample. Low water levels could reflect the influence of 
nearby production wells. Documentation of nonpumping water levels also provides 
historical information on the hydraulic conditions at the site (see reference 3.7. 

1. Scope 

1.1 Water levels shall be measured from the top 
of the well casing and, for consistency, shall always 
be made from the same spot on the well casing. Lf 
the planning documents do not specify a reference 
point, and other reference points do not exist, the 
measurement shall be made on the north side of 
the well casing. 

1.2 Three methods are provided in this test 
method for water-level measurement. 

12.1 The first method uses an electric water- 
level sounder with a conductivity cell. When the 
cell contacts water, it completes an electrical cir- 
cuit, activating an audio and/or visual alarm. 

1.22 The second method uses an interface 
probe. This instrument has an optical liquid sensor 
and a conductivity cell and can distinguish 
between the presence of a nonconductive layer and 
a conductive layer. For example, oils, fuels, and 
many organics are nonconductive and are immis- 
cible with water. With an interface probe, the sam- 
pler can measure the thickness of a light non- 
aqueous-phase liquid (LNAPL) layer, which floats 
on the water’s surface, or a dense non-aqueous- 
phase liquid (DNAPL) layer, which sinks to the 
bottom of the well. 

1.2.3 The third method uses an electronic/ 
pneumatic water-level meter in conjunction with a 
dedicated water-level probe. The water-level meter 
measures the pressure it takes to force the water 
out of the dedicated water-level probe and con- 

Section 
Method A - LVater-Level Measurements 
Using an Electric Sounder 6 4  

Method B - Jl’ater-Level Measurements 
Using an Interface Probe 9-1 1 

Method C - Water-Level Measurements 
Using a Well Wizard Model 6010E 
Electronic/Pneumatic Water-Level Meter 
with a Dedicated Water-Level Probe 12-15 

2. Hazard Analysis 
2.1 Sitespecific controls (e.g., radiological con- 

trols in a contaminated area, respirators, personal 
protective equipment, and decontamination) are 
available in the planning documents, such as the 
Health and Safety Plan, for a particular project. 
These documents should be consulted before be,oin- 
ning work on a project. 

2.2 This test method uses methanol for decon- 
taminating the apparatus. Methanol is a Depart- 
ment of Transportation (DOT)-regulated material; 
its hazard class is Flammable Liquid. Methanol has 
an Occupational and Safety and Health Admini- 
stration (OSHA) Permissible Exposure Limit (PEL)- 
Time-Weighted Average (TWA) of 200 parts per 
million (ppm) and a PEL-Short Tern Exposure 
Limit (STEL) of 250 ppm (see reference 3.2). 
Methonal can also potentially enter the body 
through the ski. 

2.2.1 Some of the effects of methonal by inhala- 
verts that pressure to the submersion depth of the 
probe. This depth is then subtracted from the total 
probe length (obtained during installation), giving 
the depth to water. 

tion or skin absorption include dizziness, Musea, 
weakness, shooting pain in the arms or legs, gastric 
pain, blurred vision, changes in color perception, 
double vision, and blindness (see reference 3.3). 

2.2.2 Avoid eye and skin contact by wearing 
eye protection and nitrile (including thin Best 
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N-Dex), butyl, or neoprene gloves. Avoid breath- 
ing vapors by using only in a well-ventilated area. 
Keep away from heat, sparks, and flames. 

2.3 Method C involves use of an air compressor 
to charge the internal tank of the water-level meter. 
Safety precautions include: 

2.3.1 Air compressors that are belt-driven shall 
have a belt guard in place. 

2.3.2 Air compressors shall not be operated 
above the rated capacities and shall be configured 
to avoid having any dead-end fittings above 
20 pounds per square inch (psi). Carefully check 
for loose connections before operating. 

2.3.3 Use proper lifting techniques when lifting 
air compressors. 

2.3.4 Ensure that the air compressor is 
equipped with an  over-pressure relief valve 
and regulator. 

2.3.5 The air compressors used for Method C 
are gasoline-powered. 

2.3.5.1 Gasoline is a DOT-regulated material; its 
hazard class is Flammable Liquid. Gasoline has an 
OSHA PEL-TWA of 300 ppm and a PEL-STEL of 
500 ppm (see reference 3.2). 
2.3.5.2 Avoid eye and skin contact by wearing 

eye protection and nitrile or butyl gloves. Avoid 
breathing vapors by using only in a well-ventilated 
area. Keep away from heat, sparks, and flames. 

2.3.53 Some of the symptoms of gasoline expo- 
sure include dizziness, intoxication, blurred vision, 
headache, skin irritation, and flushed facial skin 
tone (see reference 3.3). 
2.3.5.4 Gasoline shall be stored in Factory 

Mutual-approved safety cans. Safety cans shall 
be well secured in the vehicle during transport. 
Gasoline-powered compressors must be cool 
before filling, and care shall be taken to avoid 
spilling any gasoline. 

2.3.5.5 A 10-pound dry chemical fire extin- 
guisher should be available when fueling the 
compressor. 

3. Referenced Documents 
3.1 American Society for Testing and Materials, 

1990 AnnuaI Book of ASTM Standards, Section 11, 
"Water and Environmental Technology," 
Vol. 11 -04, Pesticides; Resource Recovery; 

Hazardous Substances and Oil Spill Responses; 
Waste Disposal; Biological Effects: 

ASTM D 444M5a-Standard Guide for Sam- 
pling Groundwater Monitoring Wells. 

3.2 Code of FedmZ Regulations (CFR), 
Title 29, "Labor": 

29 CFR 1910, Occupational Safety and Health 
Standards. 

3.3 Micromedex,Inc., TOMESPlus,CD-ROM 
Database, Vol. 13, Chicago, IL, 1992. 

3.4 QED Environmental Systems, Inc. Well 
Wizard Model 6010E ElectzonicPneunzntic Water 
Level Meter lnstallntion and Operation Instructions. 
Ann Arbor, MI, 1991. 

3.5 US. Department of Energy, The Environ- 
rnentd Suruey Mununl, Appendix E, "Field Sam- 
pling Protocols and Guidance," Office of the 
Assistant Secretary, Environment, Safety and 
Health, VoL 4, DOE/EH-0053,1987. 

3.6 US. Environmental Protection Agency, 
Handbook of Grounhuater, EPA/625/647/016, 
1987. 

3.7 US. Environmental Protection Agency, Prac- 
tical Guide for Ground-dater Sampling, EPA/600/ 
2-55/104,1985. 

4. Terminology 

that, when completed, causes electrical current 
to flow. 

4.2 Dedicated nmter-lmeZ probe-A stainless steel 
probe permanently attached with polyethylene tub- 
ing to the cap of a well and used to obtain water- 
level information. 

4.3 Electric wafer-level sounder-An electronic 
probe that uses a conductivity cell to activate an 
alarm when it contacts a conductive liquid. 

4.4 .Electronic/pueunzatic water-lmel meter-A de- 
vice that uses an internal compressed air source 
(pneumatic) to force air down the dedicated water- 
level probe. The meter senses the amount of pres- 
sure needed to push the water out of the dedicated 
water-level probe using a pressure transducer and 
associated circuitry and software (electronic). The 
meter converts this pressure to the depth of sub- 
mersion of the probe. 

4.1 Coiiducfizrity cell-A simple electrical circuit 
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45 Interface probe-A probe designed to detect 
conductive and nonconductive layek in a well. 

4.6 Monitoring well-A well installed for the 
purposes of obtaining water quality data, hydro- 
geologic information, and/or water-level data. 

5. Significance and Use 

5.1 Accurate measurements of water depth are 
necessary in the calculation of well bore volumes; 
measurements to the nearest 0.01 foot (ft) 
are routine. 

Method A 
Water-Level Measurements Using 

an Electric Sounder 

6. Apparatus 

6.1 Electric sounder. (There are many adequate 
electric sounders available. This procedure covers 
most models.) 

6.2 Kimwipes or equivalent lint-free tissue. 

6.3 Distilled or deionized water in a squeeze 
wash bottle. 

6.4 Measuring tape with an engineering scale. 

7. Procedure 

the instruction found in the instrument-specific 
operating manual: 

7.1.1 G e z k  Lye sounder to ensure the batteries 
are charged. 

7-12 Clean the probe of the sounder with dis- 
tilled or deionized water and wipe dry with a lint- 
free tissue. 

7.1.3 Slowly lower the probe into the well until 
the indicator sounds. 

7.1.4 Raise the probe slightly until the indicator 
stops sounding. 

7.1.5 Carefully lower the probe until the indica- 
tor sounds again and read the depth to water to the 
nearest 0.01 ft, using a measuring tape with an 
engineering scale if necessary. 

able measurement is achieved. 

7.1 The following procedure is supplemental to 

7.1.6 Repeat steps 7.1.4 and 7.1.5 until a repeat- 

7.1.7 Record the depth to water to the nearest 
0.01 ft. 

7.1.8 Slowly withdraw the probe from the well 
while wiping the cable with a lint-free tissue mois- 
tened with distilled or deionized water. 

7.1.9 Clean the probe with distilled or deion- 
ized water and wipe dry with a lint-free tissue. 

8. Procedure Bias 

8.1 With this method, water-level measure- 
ments must be repeatable to -C 0.01 ft. The accuracy 
of the probe shall be routinely checked against a 
steel measuring tape to ensure that the cable has 
not stretched or twisted. 

Method B 
Water-Level Measurements Using an 

Interface Probe 

9. Apparatus 

equivalent. 
9.1 Soiltest Model 447-000 Interface Probe or 

9.2 Kimwipes or equivalent lint-free tissue. 

9.3 Distilled or deionized water in a squeeze 

9.4 Methanol 

wash bottle. 

10. Procedure 

10.1 The following procedure is supplemental 
to the instruction found in the instrument-specific 
operating manual: 

by a distilled or deionized water rinse, and wipe 
dry with a lint-free tissue. 

10.1.1 Clean the probe with methanol, followed 

10.1.2 Check the battery level and replace if low. 

10.1.3 Slowly lower the probe into the well until 
the probe comes in contact with liquid. A steady 
audible alarm indicates an immiscible, non- 
conductive liquid, while a n  oscillating alarm indi- 
cates a conductive liquid (water). 

10.1.4 When the alarm sounds, raise the probe 
slightly until the dam stops. Carefully lower until 
the alarm sounds again and note the depth. Repeat 
as necessary until a repeatable measurement of 
i: 0.01 ft is achieved. Record this measurement. 
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10.1.5 If a WAPL layer is present as indicated 
by a steady audible alarm, the thickness can be 
measured by recording the point at which the 
steady alarm begins and the point at which the 
oscillating alarm begins. The difference between 
the two measurements is the thickness of the 
LNAPL layer. 

10.1.6 If a DNAPL layer is suspected, it can be 
measured by slowly lowering the probe to the bot- 
tom of the well. If a DNAPL layer is present, the 
thickness can be measured by recording the differ- 
ence between the point at which the steady alarm 
begins and the point at which the probe reaches 
the bottom of the well. 

10.1.7 Carefully withdraw the probe from the 
well while wiping the cable with a lint-free tissue 
moistened with distilled or deionized water. If the 
well contained any L.NAPL layers, the cable shd 
be rinsed with methanol followed by a distilled or 
deionized water rinse and wiped dry with a lint- 
free tissue as it is being removed from the well. 

by a distilled or deionized water rinse, and dry 
with a lint-free tissue. 

10.1.8 Clean the probe with methanol, followed 

11. Procedure Bias 
11.1 When using the interface probe for liquid 

level measurements, readings off 0.01 f t  can be 
achieved. The accuracy shall be routinely checked 
using a steel measuring tape to determine if the 
cable has stretched or twisted. 

Method C 
Water-Level Measurements Using 

a Well W i w d  Model 6010E 
ElectronidPneumatic Water-Level Meter 

with a Dedicated Water-Level Probe 

12 Apparatus 
12.1 Well Wizard Model 6010E electronic/ 

pneumatic water-level meter. 

12.2 Well Wizard Model 6111 stainless steel 
water-level probe and associated polyethylene tub- 
ing, fittings, and cap assembly. 

12.3 Well Wizard Model 6015 calibration 

12.4 Well Wizard 41000 series oil-free compres- 

assembly. 

sor or equivalent. 

13. Procedure 

13.1 The following procedure is supplemental 
to the instruction found in the instrument-specific 
operating manual (see reference 3.4): 

13.1.1 Rapid temperature changes will ad- 
versely affect the water-level meter operation. The 
meter must equilibrate to ambient temperature con- 
ditions for a minimum of 45 minutes before use. 

13.1.2 Charge the internal tank of the water- 
level meter to 100 psi by attaching an oil-free air 
supply to the fitting marked "TANK RECHARGE." 
13.1.3 Move the "SENSOR switch to the 

"ON position. 

13.1.4 Wait for the liquid crystal display (LCD) 
message to read "ATTACH TO WELL." 
13.1.5 Attach the meter air tubing from the 

water-level meter fitting marked "TO AIR PROBE 
to the white air fitting on the well cap. 

13.1.6 Move the "AIR" switch forward to the 
"ON" position. 

13.1.7 Press the "START" button once. 

13.1.8 Press the "AIR PRECHARGE" until the 
LCD *lay shows the highest reading. 

13.1.9 Leave the "AIR" switch in the " O N  posi- 
tion. The LCD message will read "PROBE SUB- 
MERSION DEMH B," and the reading shall be 
recorded when the depth stabilizes. 

13.1.10 Move the "AIR" and "SENSOR 
switches back to the "OFF" position. 

13.1.11 To determine the depth to water, sub- 
tract the probe submersion depth from the probe 
length determined during installation. 

13.1.12 When the batteries begin to get low, 
the LCD message will read "WARNING! LOW 
BATTERIES" after pressing the "START" button. 
Pressing the "START" button again will allow 
additional limited use, but the batteries must be 
replaced soon. 

13.1.13 If the LCD message reads "BATl€RY 
TOO LOW! TURN SYSTEM OFF," the meter shall 
not be used until the batteries are replaced. 

14. Calibration 

14.1 This calibration procedure shall be per- 
formed before each round of water-level 
measurements. 
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14.1.1 Place water in the calibration test tube to 
a convenient level on the scale marked on the side 
of the tube. 

14.1.2 Charge the internal tank of the water- 
level meter to 100 psi by attaching an oil-free air 
supply to the fitting marked "TANK RECHARGE." 

14.1.3 Move the "SENSOR switch to the 
"ON" position. 

14.1.4 Wait for the LCD message to read 

14.1.5 Attach the meter air tubing from the 

"ATTACH TO WELL." 

water-level meter fitting marked "TO AIR PROBE 
to the air fitting on the top of the calibration 
test tube. 

" O N  position. 
14.1.6 Move the "AIR" switch forward to the 

14.1.7 Press the "START" button once. 

14.1.8 Press the "AIR PRECHARGE button 
until the LCD display reads the highest number. 

14.1.9 Move the "AIR" switch back to the 
"OFF" position. 

14.1.10 Wait for the LCD message to read 
"PROBE SUBMERSION DEPTH" and for the 
depth reading to stabilize. 

water level in the calibration test tube. If the meter 
does not read the actual water level observed in 
the calibration test tube, remove the "CALIBRA- 
TION" panel screw and the epoxy seal from the 
internal calibration screw. 

14.1.12 Slowly adjust the internal calibration 
screw until the meter reading matches the actual 
water level observed in the calibration test tube. 

14.1.11 Compare the meter reading to the actual 

14.1.13 Repeat steps 14.13 through 14.1.11 to 
check the calibration. 

14.1.14 Apply a small amount of epoxy or a 
similar locking compound to the calibration screw 
to lock it into position. 

14.1.15 Reinstall the meter "CALIBRATION" 
panel screw. 

15. Procedure Bias 
15.1 The accuracy of this system of water-level 

measurements is f 0.01 ft between 40 O F  and 120 OF, 
and 5 0.02 A between -20 O F  and 40 OF. 

16. Quality Assurance 

16.1 The following information shall be logged 

16.1.1 Date and time of measurements. 

16.1.2 Well identification and site. 

16.1.3 Name of person performing the 

when taking water-level measurements: 

measurement. 

16.1.4 Reference point if not top of casing. 

16.1.5 Remarks if necessary, e.g., wells pump- 

16.1.6 Depth to water. 

16.1.7 Depths to top of LNAPLs and DNAPLs 
and thicknesses of layers (Method B only). 

16.1.8 Length of dedicated water-level probe 
(Method C only). 

16.1.9 Depth of submersion of water-level 
probe (Method C only). 

16.1.10 Date and time of calibration and any 
calibration adjustments made (Method C only). 

ing nearby, recent heavy rains, ice m well. 

17. Keywords 

17.1 Caliiration test tube, conductivity cell, 
dedicated water-level probe, electric sounder, 
electronic /pneuma tic wa ter-level mete+terface 
probe, monitoring well, and probe submersion 
depth. 

Environmental Procedures Catalog 5 



This page intentionally blank 





Procedure Tiie: Standard Practice for Purging of Monitoring Wells, l[;LQ-3(P)], Rev. 1,4/92 

Requester: Tim Bartlett, Field Supervisor 

Justification: (1)To establish project specific well purginglmonitoring procedures and (2) to 
establish project specific policy regarding disposal of monitor well purge water. 

Proposed Change: (1) Specific purge volume calculation and parameter stability criteria are 
defined in Section 4.2 of the MMTS Interim Remedial Action Surjace Water and Ground Water 
Monitoring Program (MAC-MSGW 1.3.5-2). Section 4.2.1 documents requirements for 
managing purge water. 

0 Adopt Procedure 

Authouhtion ffor Changes to Catalog Procedures 

0 New Document 

Procedure Number Assigned 

Procedure Title 

Approval for Inclusion in Environmental Procedures Catalog: 

01 Change to Existing Procedure 

Environmental Procedures Advisory Committee Chair Date 

Authorization for Project Specific IModification to Exiting Catalog Procedures 

Project Specific Change for MMTS Omrable Unit III Interim Remedial Action Surface Wder and 
Ground Wder  Monitorina Promam (MAC-MSGRAP 1.3.5-2) 

Effective Date A1nil5.1999 

- 
IDate’ 

Reviewed By Approved BY 
Technical Author or Date 
Proficient Designee 

W O  18787e 
Rev. 3/99 



This page intentionally blank 



a a t e o t e c h ,  Inc. LQ-3W 
4/92 Rev. 1 

Standard Practice for Purging of Monitoring Wells 
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Standard Practice for Purging of Monitoring Wells 
a- 

Introduction 
To obtain a representative groundwater sample, the stagnant water in the well casing 

shall be removed. The recommended amount of purging depends on many factors such as 
the hydrogeological nature of the aquifer, the characteristics of the well, the type of 
sampling equipment to be used, and the parameters to be sampled. There is no one 
standard that will fit all situations. The general de-of-thumb is to monitor the purge water 
using an in-line flow cell for pH, conductivity, and temperature. When these parameters 
stab+lize to * 10 percent for two successive well volumes, the sampler can be reasonably 
assured that the stagnant water has been removed from the well casing. 

1. Scope 

1.1 The four methods provided here are repre- 
sentative of those generally used to purge monitor- 
ing wells. Each method has advantages and 
disadvantages that must be considered. A review 
of Section 7, ”Well Purging Strategies,” General 
Considerations for the Sampling of Liquids 
[LQ-1 (G)]I (reference 3.21, provides guidance for se- 
lecting the proper method. 

Section 
L Method A-Well Purging Using a 

Peristaltic-Type Pump 

Method E--!‘~~~ll Ftti;i1;g Using J 

6-3 

- -  - 
Bladder-Type Pump 9-1 1 

Method C-\Vel1 Purging Using 
a Bailer 12-1 4 

Method D-Well Purging Using a 
Submersible Pump 15-17 

2. Hazard Analysis 

2.1 These procedures use gasoline-poi\-ered 
electric generators, gasoline-powered air compres- 
sors, and battery-powered pumps and accessories. 
The following safety precautions shall be followed. 

2.1.1 Air compressors that are belt driven shall 
have a belt guard in place. 

2.1.2 Care shall be taken when connecting and 
disconnecting equipment powered by lead-acid I batteries to avoid generating sparks that have the 
potential of creating an explosive hazard. 

(FMhpproved safety cans. Safety cans shall be 
well secured in the vehicle during transport. 
Gasoline-powered equipment shall be cool 
before fillkg and care shall be taken not to spill 
any gasoline. 

2.1.3 Gasoline shall be stored in Factory Mutual 

2.1.1 Air compressors shall not be operated 
above rated capacities and shall be configured to 
avoid having any dead end fittings above 20 
pounds per square inch (psi). Carefully check for 
loose connections before operating. 

2.1.5 Gasoline is a Department of Transporta- 
tion (DOT)-regulated material; its hazard class 
is Flammable Liquid. Avoid eye and skin contact 
;by wearing eye protection and disposable gloves. 
Avoid breathing vapors. Use only in a well- 
ventilated area and keep away from heat, sparks, 
and flames. 

I 

2.1.6 Gasoline-powered generators shall not be 

2.1.7 Care shall be used when lifting generators 

operated aibove their rated capacity. 

and air compressors. Proper lifting techniques 
shall’ be used when lifting heavy equipment. 

planning documents for a particular project. 

tl 
2.1.S Site-specific controls are available in the 

3. Referenced Documents 

3.1 American Society for Testing and Materials, 
Stnridnrd Guide for Sninyliiig Grorindionfer Monitoring 
Wells, DW8-55a, 19S6. 

3.2 Geotech, Eiiviromierrlnl Procediires CnfnIog 
(lManual116): 

General Considerations for the Sampling of 
Liquids [LQ-1 (GI], 
Standard Test Method for the Measurement 
of Water Levels in Groundwater Monitoring 
Wells (LQ-2(T)I. 
Standard Practice for the Use of a Flow Cell 
for Field Measurements [LQ-lO(P)I. 

3.3 US. Department of Energy, The Enviroir- 
meiitnl Szirvey  Mnniml, Appendix E, Volume 4, 
DOE/EH4053 1987. 
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3.4 U.S. Environmental Protection Agency, Prac- 
ticd Guide for Grotinduiater Snrnyling, EPA/600/2- 
85/104,1985. 

3.5 US. Environmental Protection Agency, 
Handbook Groundwater, EPA /625 /fj-s7/016,1987. 

4. Significance and Use 

4.1 Water may become stagnant in a well and 
will not reflect the local resident water's chemical 
and physical properties. The purging of a well can 
reduce this bias. Care shall be taken to allow 
screened intervals to come to equilibrium before 
sampling is performed 

5. Calculation of Volume of Standing 
Water in a Well 

5.1 Calculations are performed for the amoumnt 
of water in the well with the following fornida: 

3 r- x x 

where 
r =  

111 = 

h2 = 

x (hl - h2) x 7.4s = gallons per (1 1 
casing volume, 

radius of well casing (feet) (the radius of the 
%vel1 is obtained from the well completion 
logs or can be measured with a tape 
measure), 
depth of well (feet) from the top of the 
well casing (the depth of the well is 
obtained from the well completion 
logs), and 
depth to water (feet) measured from the top 
of the well casing (the depth of water is 
measured using the Standard Test Method 
for the Measurement of Water Levels in 
Groundwater Monitoring Wellls [LQ-2(T)I). 

Method A 
Well Purging Using a Peristaltic-Type Pump 

6. Apparatus 

6.1 Peristaltic-type pump. 

6.2 Silicone, C-FLEX, or neoprene tubing for the 

6.3 Silicone, Teflon, polyethylene, or vinyl tub- 

6.4 Generator or other source of electricity. 

6.5 Gasoline for generator. (Gasoline is a DOT- 
regulated material; its hazard class is Flammable 
Liquid.) 

pump head. 

ing for placing in the well. 

7. Procedure 

7.1 The following procedure is supplemental to 
the instruction in the instrument-specific operating 
manual. 

7.1.1 Place the suction line in the well so it is 
just below the liquid surface. 

7.1.2 Connect the suction line to the pump. 

7.1.3 Connect the pump outlet to the in-line 
flosv cell, see reference 3.2, or place the pump out- 
let hose into an open container to be used to make 
the field measurements. 

7.1.4 Place calibrated pH, conductivity, and 
temperature electrodes into the in-line flow cell or 
the open container. 

7.1.5 Initiate pumping and follow the water 
level down the well bore if the recovery rate of the 
well is below the pumping rate. 

NOTE: Purge water may have to be contained 
and properly disposed of. Consult the 
site-specific planning documents for 
requirements. 

7.1.6 Routinely monitor and record the vol- 
umes purged and the readings for the pH, conduc- 
tivity, arid temperature. 

7.1.7 When these readings have stabilized to 
f 10 percent for tlvo successive \vel1 volumes, sam- 
pling can begin. 

7.1.8 Remove the suction line from the well, 
and clean and decontaminate the suction line and 
pump tubing, as required.. 

8. Proccdrrrc Zias 

pump are that (1) a peristaltic pump is relatively 
portable, inexpensive, and convenient; (2) i t  
requires a minimum of down-hole equipment; 
and (3) it can be cleaned easily or the entire tubing 
can be changed between wells. 

8.2 The disadvantages of purging with a peri- 
staltic pump are that (1) purging is limited to situ- 
ations where the water levels are less than about 
25 feet and (2) degasing occurs whenever there is 
a head difference between the pump and the 
water level. 

8.1 The advantages of purging with a peristaltic 
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Method B 
Well Purging Using a Bladder-Type Pump 

9. Apparatus 

9.1 Bladder-type pump. 

9.2 Air compressor. 

9.3 Teflon, polyethylene, or vinyl tubing for the 

9.4 Gasoline for the air compressor. (Gasoline 

air and sample line. 

is a DOT-regulated material; its hazard class is 
Flammable Liquid.) 

10. Procedure 

The following procedure is supplemental to the 
irrstniction found I n  the instnimer.:-.;pecific operat- 
ing manual. 

10.1 Lower the pump gently to a position just 
above the screened interval. 

10.2 Connect the air line to the pump controller. 

10.3 Connect the pump outlet to an in-line flow 
cell; see Standard Practice for the Use of a Flow 
Cell for Field Measurements [LQ-lO(P)]. 

10.4 Place calibrated pH, conductivity, and 
temperature electrodes in the flow cell or the 
open container. 

10.5 Initiate pumping and routinely monitor 
and record the volume purged and the pH, conduc- 
tivity, and temperature measuremen ts. 

NOTE: Purge water may have to be contained and 
properly disposed of. Consult the site- 
specific planning documents for 
requirements. 

10.6 When these readings have stabilized to 
10 percent for two successive well volumes, sam- 

10.7 Remove the pump from the well, clean and 

pling can begin. 

decontaminate as required. 

11. Procedure Bias 

11.1 The advantages of using a ;bladder-type 
pump for purging are that (1) the system is not 
damaged by dry pumping, (2) there is no air/ 
water contact, and (3) the entire assembly can be 
made of Teflon or stainless steel. 

11.2 The disadvantages of using a bladder-type 
pump are that (1) pumping rates are relatively 
slow, (2) there is a high rate of air consumption 
during prolonged pumping, and (3) cleaning and 
decontamination are more difficult than with the 
apparatus used in methods A or C. 

Method C 
Well Purging Using a Bailer 

12. Apparatus 

12.1 Teflon or stainless steel bailer. 

12.2 Teflon or stainless steel cable or line. 

12.3 Bailer reel. 

13. Procedure 

13.1 Attach the bailer to the cable or line. 

13.2 Lower the bailer slowly until it contacts 
the liquid. 

13.3 Allow the bailer to sink until it is totally 
submerged. 

13.4 Slowly raise the bailer to the surface. 

13.5 Tip the bailer or use a bottom-emptying 
device and fib1 a container in which calibrated 
pH, conductivity, and temperature probes have 
been placed. 

NOTE Purge water may have to be contained 
and properly disposed of. Consult the 
site-specific planning documents for 
requirements. 

13.6 Routinely monitor and record the pH, con- 

13.7 When the readings have stabiilized to A 10 

[ 

ductivity, temperature, and volume purged. 

percent for two successive well volumes, sampling 
can begin. 

as required. 
13.8 Clean and decontaminate the bailer, 

14. Procedure Bias 

14.1 The advantages of using bailers for well 
purging are that (1) bailers can be constructed of 
a variety of materials, (2) external power sources 
are not needed, (3) bailers are inexpensive, 
(4) bailers are easily cleaned and decontaminated, 
and (5) bailers can be used in wells of virtually 
any depth. 
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14.2 The disadvantages of using bailers are that 
(1) evacuating llarge amounts of stagnant water is 
labor intensive; (2) aeration, degasing, and turbu- 
lence will occur; (3) it is difficult to determine the 
depth to which the bailer has been submerged; and 
(4) bailer check valves may not operate properly 
under conditions of high suspended solids. 

Method D 
Well Purging Using a Submersible Pump 

15. Apparatus 

15.1 Submersible-type pump. 

15.2 Discharge tubing of vinyl, polyethylene, 

15.3 Power source of generator or batteries. 

15.4 Gasoline for generator. (Gasoline is a 

polyvinyl chloride, or Teflon. 

DOT-regulated material; its hazard class is 
Flammable Liquid.) 

16. Procedure 

the instructions provided in the instrument- 
specific operating manual. 

16.1 Set up the pump according to the operat- 
ing manual'. 

16.2 Gently lower the pump down the well so 
that the pump head is submerged sufficiently and 
will not run dry. 

CAUTION: Submersible pumps cannot be al- 

The folllowing procedure is supplemental to 

lowed to run dry. 

16.3 Connect the p u l p  outlet to an in-line flow 
cell; see Standard1 Practice for the Use of a Flow 
Cell for Field Measurements ([LQ-lO(P)I. 

temperature electrodes in the flow cell or the 
open container. 

16.5 Initiate pumping, and monitor and record 
the volumes purged and the pH, conductivity, and 
temperature measurements. 

NOTE: Purge water may have to be contained 
and properly disposed of. Consult the 
site-specific planning documents for 
requirements. 

16.4 Place calibrated pH, conductivity, and 

1 

16.6 When pH, conductivity, and temperature 
have stabilized for two successive well volumes, 
sampling can begin. 

16.7 Remove the pump from the well; clean 
and decontaminate. 

17. Procedure Bias 

17.1 The advantages of using a submersible 
pump for well purging are that (1) relatively high 
pumping rates are possible, (2) some designs are 
relatively portable and easy to use, and (3) these 
punips CLI gu:p iism greater depths than the 
pumps used in methods A or B. 

17.2 The disadvantages of using a submersible 
pump are that (1) high pumping rates and the 
mechanical actions cause turbulence, aeration, and 
degasing of the water; (2) pumps are easily dam- 
aged by dry pumping; and (3) these pumps can be 
difficult to clean and decontaminate. 

18. QualityAssurance 

following information to be logged for quality- 
assurance documentation. 

18.1 Depth to water. 

15.2 Depth of \veP. 

18.1 All of the methods listed above require the 

18.3 Well diameter or radius. 

18.4 Depth of water. 

18.5 Calculated water volume. 

18.6 Type of mechanism used to evacuate 

15.7 IDate. 

the well. 

18.8 Well identification. 

18.9 Name of person performing the purging. 

18.10 Volume purged. 

18.11 Conductivity, pH, and temperature 
measureme;? ts. 

19. Keywords 

pump, submersible pump, and well purging. 
19.1 Bailer, bladder-type pump, peristaltic-type 
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Introduction 
Perhaps no water-quality parameter is measured as frequently as PHI. The pH 

measurement is so easily made that the attention given to it is often inadequate. An 
accurate p H  is critical for the prediction and interpretation of the reactions and 
migration of dissolved species. This procedure provides a useful pH measurement 
under most field situations. 

1. Scope 

1.1 This is the procedure for the measurement 
of pH in an aqueous solution. The pH is deter- 
mined using a glass hydrogen-ion electrode com- 
pared against a reference electrode of known 
potential by means of a pH meter. 

11 

2. Hazard Analysis 

2.1 No hazards requiring controls have been 
identified. Site-specific controls are available in the 
planning documents of a particular project. 

3. Referenced Documents  

3.1 American Society for Testing and Materials, 
Aizirrinl Book of ASTM Stnizdm11s, Section 11, I7oluiiit! 
11.01, D1293-78,19S-1. 

3.2 American Public Mealth Association, Xmeri- 
can Water Works Association, and Water Pollution 
Control Federation, Starrdnrd Mrtlrods for thz  Exnrizi- 
710 lior r of ~VLI ler a rill Wnslezcater: Ai r 1cricm I Pr 1 bl ii 
Hcnltlz Associntioii, Washington, D.C., 19SO. 

Standard practice for the Use of the Row 
Cell for Field Measurements [LQ-lO(P)I. 

3.4 Korte, N., and D. Ealey, Procedures for Field 
Clzeiizical Aiznlyses of Wder Snmples, Technical 
Measurements Center, U.S. Department of 
Energy, Grand Junction Area Office, GJ/I'MC- 
07(83), 1983. 

3.5 Woodl, W.W., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Tecliniqrres of 
Wn ter-Reson rces b i ites t ign t ion s of the United States 
Geological Survey, Chapter D2, Book I: U.S. Govern- 
ment Printing Office, Washington, D.C., Stock 
Number 024-%014)2879-4,19?6. 0 

4. Significance and Use 

4.1 The pH of a solution is defined as the nega- 
tive logarithm to the lbase 10 of the hydrogen-ion 
activity in moles per liter: pH = -log l[H+a. Because 
pH is exponentially related to concentration, great 
care shall be taken in making the measurement. 

4.2 Natural1 waters usually have FH values in 
the range of 4 to 9. The primary control over pH in 
natural1 waters is the carbonate system, including 
gaseous and dissolved carbon dioxide, bicarbon- 
ate, and carbonate ions. 

5. Interferences 

5.1 Temperature, atmospheric contamination, 
and ionic strength are factors that afiect pH meas- 
urements. The pH measurement is relatively free 
from interference from color, turbidity, colloidal 
matter, oxidants, or reductants. 

5.1 .I TciiIperohire-The temperature compensa- 
tion on a pH meter onily permits adjustment of the 
electrode slope. It does not compensate for changes 
in the potential of the reference electrode, the asym- 
metry potential of the glass electrode, or the liquid- 
junction potential. Nor does it compensate for 
changes in pH due to temperature. Thus, the tem- 
perature of the buffer and the unknown shall be 
recorded at the time of measurement. Ideally, their 
temperatures shall be within 10 "C. 

5.1.2 Atinosplreric Contninitzation-Atmospheric 
contamination can be a significant problem for 
groundwater samples. Dissolved oxygen and carb- 
on dioxide can be evolved or dissolved when the 
sample is exposed to air, and a considerable change 
in pH may result. In situ measurements should be 
taken where possible but, for groundwater that 
must be pumped, the use of a flow cell gives the 
best results. See Standard Practice for the Use of a 
Flow Cell for Field Measurements [LQ-lO(P)]. 

5.1.3 Ioriic Streirgtli-Because of errors due to 
ionic strength (which are not worth correcting in 
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the field), pH measurements shall be accompanied 
by a measurement of the specific conductance. The 
pH is a measurement of the hydrogen-ion activity. 
An ideal solution is assumed in which other ions 
do not affect the hydrogen activity. This assump- 
tion deteriorates if the ionic strength is too high. 
Similarly, samples with low ionic strength will 
cause difficulties because the resistance of the sam- 
ple approaches that of the glass electrode. For best 
results, samples with very low ionic strength 
should be stirred for a few seconds prior to the 
reading. Even then, it may require several minutes 
for the reading to stabilize. 

5.1.4 High $-':*i; Alknlinity-Hi;h sndi,.im 
and alkalinity may also produce errors in the pH 
measurement. For pH 9 and a sodium concentra- 
tion of 10 moles per liter, a special electrode is 
needed. Similarljj, any pH value that is less than 1 
or greater than 9 \\.ill have a greater uncertainty 
associated with it because the electrode response is 
non-Nernstian in these regions. 

6. Apparatus 

6.1 N,umerous pH meters are available; the me- 
ter used should have a temperature compensating 
device have a slope adjustment and be capable of 
reading pH to 2 0.01 units. 

6.2 A flow cell to be used for continuous-flow 
measurements. 

6.3 Standard pH-buffer solutions of 4.00,7.00, 

6.4 Combination pH electrode. 

6.5 Temperature-measuring device capable of 

and 9.00 or 1'0.00. 

reading temperatures to f 0.1 "C. 

6.6 DistilIed or deionized water in a squeeze 

6.7 Kimwipes or equivalent lint-free tissue. 

6.8 Disposable beakers, test tubes, or centrifuge 

wash bottle. 

tubes. 

7. Calibration 

7.1 In each case, samplers shall follow the 
manufacturer's instructions for the pH meter and 
electrode used. Electrodes shall be kept wet when 
not in use. Recommended solutions for storage are 
the pH 4.00 or pH 7.00 buffer. 

7.2 Before use, remove the electrode from the 
storage solution, rinse with distilled water, and 
blot dry with a lint-free tissue. 

7.3 Adjust buffer solution and electrode to 
f 10 "C of the sample temperature. This can be 
done by storing the buffer solutions and electrode 
in an ice chest or by lletting sample water run over 
the buffer bottles and electrode until the tempera- 
tures have equilibrated. 

7.-1 - l-.L-~ L-x L X : ~ L ~  in the pH 7.00 buffer, 
adjust the temperature compensation control to the 
temperature of the buffer (or use an automatic tem- 
perature compensator), and adjust the calibration 
co::troE to read the pH of the buffer. The pH of the 
buffer is equal to 7.00 only at 23 "C; therefore, it is 
necessary to use the temperature-correction curve 
supplied by the manufacturer of the buffer. 

7.5 Remove the electrode from the 7.00 buffer, 
rinse with distilled water, and blot dry. Place the 
electrode in either pH 4.00 or pH 10.00 buffer, 
bracketing the expected p1-I of the sample. Allow 
the reading to stabilize before making adjustments. 
Adjust the slope control to read the correct pH, 
again consulting the temperature-correction curve 
supplied by the manufacturer. 

7.6 Rinse the electrode with distilled water and 
blot dry. Recheck value of the pH 7.00 buffer. The 
value shall be within 
If not, repeat steps 7.4,7.5, and 7.6. 

. .  

0.02 pH of the correct value. 

8. Procedure 

S.l The following general procedure supple- 
ments the instruction in the instrument-specific . 
operating manual. 

S.l.l Rinse the calibrated electrode (see Section 
7) with distilled water, blot dry, and immerse elec- 
trode in the solution. 

8.1.2 Use of a flow cell is recommended for 
making pH measurements; this reduces the inter- 
ferences due to atmospheric contamination. If pos- 
sible, in situ measurements are the best. 

8.1.3 Allow the measurement to stabilize and 

8.1.4 Remove the electrode from the solution, 

record the reading. 

rinse with distilled water, blot dry, and store in 
pH 4.00 or pH 7.00 buffer solution. 
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9. Quality Assurance 

9.1 The following information about the field 
measurement of pH shall be logged for quality- 
assurance documentation. 

9.1.1 Time of the last two-buffer calibration. 
The two-buffer calibration shall be perfonned a 
minimum of once each hour. 

9.1.2 Buffer temperature at time of calibration. 

9.1.3 Sample temperature at time of 

9.1.4 Measurement conditions (i.e., in situ, open 

9.1.5 Source and expiration date of buffers used. 

measurement. 

container, or air-exclusion container). 

L Q 4 m  
4/92 Rev. 1 

9.1.6 Instrument manufacturer and model 

9.1.7 Name of person performing the 

number. 

measurement. 

10. Precision and Bias 

10.1 Preasion of * 0.02 pH units and an accu- 
racy of * 0.05 pH units can be achieved. However, 
* 0.1 pH units represent the limit of accuracy 
under normal conditions. 

11. Keywords 

11.1 Electrode, flow cell, pH, and pH meter. 
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Standard Test Method for the Field Measurement of 
Specific Conductance 

Introduction 
Specific conductance is a widely used indicator of water quality. It measures the ability of 

water to carry an electrical current under specific conditions. This ability depends on the 
presence of ions and their total concentration, mobility, and temperature. Specific 
conductance is a simple indicator of change within a system and is used as an aid in 
evaluating whether a sample is representative of the water in the system. 

1. Scope 

ment of the specific conductance of an aqueous 
sample. The specific conductance is measured us- 
ing a conductance meter and a platinum or stain- 
less steel electrode. 

1.1 This procedure describes the field measure- 

2. Hazard Analysis 

2.1 No hazards requiring controls have been 
identified. Site-specific controls are available in the 
planning documents for a particular project. 

3. Referenced Documents 

3.1 American Public Mealth Association, Ameri- 
can Water Works Association, and Water Pollution 
Control Federation, Stnndnrd Methods for the Exnnii- 
nation of Water nizd Wastezvnter: Ai7zericaiz Piiblic 
Henltlz Associatiorr, Washington, D.C., 19SO. 

3.2 Korte, N. and D. Ealey, Procedures for Ficld 
CIzeiizical Aizlilyses of Water Snmples, Technical 
Measurements Center, U.S. Department of Energy, 
Grand Junction Area Office, GJ/TMC-07(83), 1953. 

3.3 Wood, W.W., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Teclmiques of 
Wnter-Resources Investignfioizs of the United Stnfes 
Geological Siri-~ey, Chapter D2, Book I: U.S. Govern- 
ment Printing Office, Washington, D.C., Stock 
Number 024-001-02879-4,1976. 

4. Significance and Use 

4.1 The specific conductance or conductivity of 
a sample is defined as the conductance of the sam- 
ple between opposite sides of a cube, 1 centimeter 
(cm) in each direction. Because it is impractical 
to build electrodes with these characteristics, 

electrodes are manufactured in various forms. A 
cell constant is determined by measuring a solu- 
tion of known conductivity. Solutions of known 
conductivity are purchased or can be made from 
reagent-grade KCI. Samplers shall consult operat- 
ing instructions for the specific instrument used for 
the determination of the cell constant. This conduc- 
tivity is expressed in miuomhos per centimeter 
(lpmhos/cm). 

5. Intereferences 

5.1 Temperature, ionic strength, and the deter- 
mination of the cell constant are features that affect 
the measurement of conductivity. 

5.1.1 Tenzpernt~rre-The conductivity of a solu- 
tion increases with temperature at approximately 

errors can result kom inaccurate temperature 
measurements. 

2 percent per degree Celsius. Significant I 

5.1.1.1 If the conductivity meter does not have 
automatic temperature correction, the sampler can 
use the following formula to correct the conductiv- 
ity reading for temperature: 

Em K =  r 

1 + 0.0191(t - 25) 
where 

K = corrected conductivity in pmhodcm, 

Em = measured conductivity in pmhos/cm, 
and 

t = temperature in "C. 

5.1.2 Ionic Sfrenglh-The conductivity of a solu- 
tion is a function of the concentration and charge 
of the ions in solution and of the rate at which the 
ions move under the influence of an electrical po- 
tential. As the ionic strength increases, the rate at 
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1 which the individual ions move decreases. Conduc- 
tivity varies linearly with ionic strength for values 
below 1,000 p mhos/cm. As conductivity increases 
above 5,000 pmhos/cm, the line curves signifi- 
cantly; beyond 50,000 p mhos/cm, the conductivity 
is an unsatisfactory index of ionic concentration. 

5.1.3 Cell Constnnf-The cell constant shall be 
checked and verified on a regular basis. A signifi- 
cant change in the cell constant indicates that the 
electrode needs cleaning or changing. Consult 
the instrument operating manual for procedures 
to check the cell constant, or see Section 7 of this 
procedure. 

6. Apparatus 

measuring condiictivity in the range of 0 to 
100,000 pmhos/cm. This meter should also meas- 
ure temperatures in the range of -5 "C to 50 "C. 

6.2 Conductivity check solutions. Normally, 
0.001 N, 0.01 N, and 0.1 N KC1 solutions will cover 
the range of expected sample conductivity. 

squeeze bottle. 

tubes. 

6.1 Specific conductance meter capable of 

6.3 Distilled or deionized water in a 

6.4 Disposalble beakers, test tubes, or centrifuge 

6.5 Kimwipes or equivalent lint-free tissue. 

7. Calibration 

7.1 An actual cdlibration of the instrument is 
not performed. The cell/instrument calibration is 
confirmed by use of standard check solutions as  
described below. 

7.1.1 Connect the temperature probe and con- 

7.1.2 Rinse the temperature probe and conduc- 

ductivity cell to the instrument. 

tivity cell with distilled water and blot dry with a 
Iht-free tissue. 

7.1.3 Place the temperature probe and conduc- 
tivity cell in the 0.001 N KC1 standard and allow 
the readings to stabilize. Record the temperature 
and conductivity reading in the field logbook. 

and the 0.1 N KC1 standards. 
7.1.4 Repeat steps 7.1.2 and 7.1.3 for the 0.01 N 

7.1.5 Correct the readings to 25 "C using the 
formula in Section 5.1.1.1 and compare these read- 
ings to the standard values. If these readings are 
within * 10 percent of the accepted value, the cell 
instrument-caIibration check is acceptable. 

7.1.6 If the cell/instrunent calibration check is 
unacceptable, consult the instrument operation 
manual for cell cleaning and instrument trouble- 
shooting procedures. 

8. Procedure 

S.1 The following general procedure is supple- 
mental to the instructions in the instrument- 
specific operating manual. 

8.1.1 Rinse the conductivity cell and tempera- 
ture probe with several volumes of sample water. 

S.1.2 Immerse the probe and cell in the sample. 

8.1.3 Allow the readings to stabilize and record 
the temperature and conductivity readings on the 
field log form. 

with distilled water, blot dry, and store according 
to the manufacturer's recommended procedures. 

8.1.4 Remove the probes from the solution, rinse 

9. Quality Assurance 

measurement of specific conductance shall be 
logged for quality-assurance documentation. 

9.1 The following information about the field 

9.1.1 Source and expiration date of standards. 

9.1.2 Instrument manufacturer and model 
number. 

9.1.3 Date and time of calibration check. 

9.1.4 Temperature and conductivity of stand- 

9.1.5 Sample temperature and conductivity 

9.1.6 Name of person performing the 

ards used to check calibration. 

reading. 

measurement. 

10. Precision and Bias 

be achieved with this procedure at conductivity 
readings between 100 and 5,000 pmhos/cm. 

10.1 Precision and accuracy of f 5 percent can 
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aG Readings between 0 and 100 P mhos/cm and 
above 5,000 pmhos/an should provide 
* 10 percent precision and accuracy. Readings 
above 20,000 pmhos/cm shall not be attempted 
with this procedure. 

Environmental Procedures Catalog 

LQ-S(T) 
4/92 Rev. 1 

11. Keywords 

conductance. 
11.1 Conductivity, ionic strength, and specific 
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on of 

1. Scope 

1.1 This method describes the procedure for the 

Constituents", in Techniques of Water-Resources 
Inuestigations of the United States Geological 
Suruey, Chapter D2, Book 1: US. Govemement 
Printing Office, Washington, D.C., Stock Number in aqueous samples 

oes not address the 024-001-028794,1976 
theoretical interpretation of OW. This procedure 
has been designed1 for routine field measurements. 4. Significance and W s e  

2. Hatardl Analysis 

2.1 This test method uses a ZoBell solution for an 
Eh reference. This solution contains small 
concentrations of potas 
cyanide is a poison and 

Samplers shall wear eye protection and 
disposable gloves to avoid eye and skin contact and 
shall keep the solution away from strong acids that 
will liberate hydrogen cyanide gas, which is 
extremely toxic. 

2.2 Site-specific controls are available in the 
planning documents for a particular project. 

4.1 O W  is defined as the electromotive force 
developed when a noble metal electrode and a 
reference electrode are placed in an aqueous 
sample. This potential, sometimes referred to as 
the redox potenti, is related to the standard 
potential by the Nemst equation: 

RT oxidized state 
nF reduced state 

Eh = E' + -  In 

where 

E = standard potential' of the reaction, 

3. Referenced Doclaments R = gas constant, 

3.1 American Society for Testing and Materials, 
Annual Book of ASTM Standards, Section 11, 
Volume 11.01, D1498-76, 1984 

T = absolute temperature, 

n = number of electrons involved 
in the half-cell reaction, and 

F = Faraday constant. 3.2 Korte, N.,  and D. Ealey, Procedures for Field 
Chemical Analyses of Water Samples, Technical 
Measurements Center, US. Department of 
Energy, Grand Junction Area Office, 
GJflMC-07(83), 1983 

The ,potential is reported as volts N) or millivolts 
(mv) relative to the standard hydrogen electrode 
taken as zero. 

3.3 "Guidelines for Collection and Field Analysis 
of Ground-Water Samples for Selected' Unstable 

, 
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5. Interferences 

GJO 

6.7 Kimwipes or equivalent lint-free t i e .  

5.1 sensitive to 
temperature change of the solution. Because the 
reference-electrode potential and' the liquid-junction 
potential also vary with temperature, instrumental 
compensation is not possible. Reference solutions 
used to check the acyracy of the electrode system 
should be within '10 C of the sample 
temperature for the readings to be valid. 

5.2 Reproducible measurements cannot be 
obtained for chemical systems that are not 
reversible. Samples containing dissolved oxygen 
above 0.01 part r million (ppm) are essentially 
irreversible, and 5iF Q __  measurem 
P%"VrsT; 

are not recommended. 
to the atmosphere can cause rapid changes in 
dissolved oxygen, all sample measurements shall 
be taken in a closed, flow-through container or in 
situ. 

5.3 Samples containing hydrogen sulfide will 
poison the electrode as will other ions that are 
stronger reducing agents than platinum. 

5.4 Q@ measurements are relatively free from 
interferences from color, turbidity, colloidal 
matter, and suspended matter. 

- 

6. Apparatus 

6.1 Most field - pH meters have the capability of 
measuring 
set of e l e c t r e s .  The meter should be capable of 
measuring QEtB to '1 mV. 

6.2 Combination 'mm electrode. 

by substitution of an appropriate 

6.3 ZoBell reference solution. 

Caution: This solution is poisonous and shall be 
handled with care. 

6.4 Temperature-measuring +vice capable of 
reading temperatures to '0.1 C. 

6.5 A flow cell. See Standard Practice for the 
Use of a Flow Cell for Field Measurements 
LQ-10P)I. 

6.6 Distilled or deionized water in a squeeze wash 
bottle. 

6.8 Disposable beakers, test tubes, or centrifuge 
tubes. 

7. Calibration 

7.1 An actual calibration of the electrode 
system is not performed. Instead, samplers shall 
make a performance check to determine if the 
electrode and meter are functioning properly. The 
performance check is as follows: 

7.1.1 Record temperature of $oBell solution. This 
solution should be within *10 C of sample 
temperature. 

7.1.2 Place electrode in the ZoBeU solution and 
compare the reading with the theoretical value for 
the ZoBell solution (see Figure 1). The reading 
should be within "10 mV of the theoretical value. 

35 Theoretical potential of 
ZoBeU solution relative ' 
to silver-silver chloride. 

301 I '1 

lo j I Theorebcal Z o B e l l ~ r ~ ~ , , ~ , ,  potential of , \ . , 
to calomel-plahnum 

1 1  electrode system. 
0 
160 180 200 220 240 260 280 

POTENTIAL (MILLIVOLTS) 
M \E',0\190\000Z\W005.li\WU05i~OQ DWC 

Figure 1. The potential of ZoBell Solution Relative 
to Reference-Electrode Systems at Various 

Temperatures 

7.1.3 If the reading is not within *IO mV, one of 
the following steps will usually solve the problem. 
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.1.3.1 Check reference-electrode filling solution; 
11 or replace. 

7.1.3.2 Polish the platinum end of the electrode 
(see manufacturer's instructions). 

7.1.3.3 Replace electrode. 

7.1.4 Rinse electrode with distilled water, blot d y ,  
and store according to manufacturer's suggestions. 

8. Procedure 

8.1 Check electrode performance according to 
section 7.1.2. 

8.2 Rinse electrode with distilled water and blot 
dry with a lint-free tissue. 

8.3 Place electrode in flow-through cell and pump 
sample through cell for several minutes to exdude 
air. 

8.4 Turn function switch on meter to the millivolt 
mode. 

8.5 Allow the readings to stabiiie. Stabilization 
should occur within 20 minutes. Turn off sample 
flow to prevent any streaming potential. 

8.6 Record the reading and temperature. 

8.7 Remove the electrode from the cell, rinse with 
distilled1 water, blot d y ,  and store according to 
manufacturer's suggestion. 

9. Quality Assurance 

9.1 The following information about the 
measurement shall lbe llogged for quality-assurance 
documentation. 

9. I. 1 Temperature of sample. 

9. E .2 Temperature of ZoBell solution. 
-I. 

9.1.3 Om of ZoBell solution. 

9.1.4 Name of person performing the 
measurement. 

10. Calculation 

10.1 The Eh of the sample is calculated relative to 
the standard hydrogen electrode as follows: 

D = A -  B + C, 
where 

D = 1Eh of sample relative to the standard 
hydrogen electrode, 

A = Observed of sample, 

B = Observed of ZoBell solution, 
and 

C = Theoretical Eh of ZoBell solution 
relative to the standard hydrogen 
electrode 

c 

Report D to the nearest *10 mV. 
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Change of potential with temperature 

where t = temperature m 'C 
(Ivan Barnes. oral communication. 1972) 

Eh = 0.428-0.0022(t-25) 
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Figure 2. The Eh of Zobell Solution, Relative 
to the Standard Hydrogen Electrode at 

Various Temperatures 
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1 I. Precision and Bias 

11.1 Precision and accuracy of the measurement 
depend llargely on the condition of the electrode 
system and the degree to which the sample fits the 
interference problems mentioned in section 5. In 
the absence of substances that coat or poison the 
electrode, the precision is *10 mV. 

4 

G40 

12. #Keywords 

12.1 Eh, flow cell, oxidation-reduction potential, 
and ZoBell solution 
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Standard Test Method for the  
Field Measurement of Alkalinity 

Introduction 
The alkalinity of a water sample is a quantitative measurement of the ability of the 

sample to react with a strong acid to a designated pH. The alkalinity of natural waters is 
primarily a measure of the carbonate, bicarbonate, and hydroxide content. It is also a 
general indicator of groundwater quality. 

1. Scope 

ment of alkalinity of aqueous samples. It is a meas- 
ure of the aggregate property of the sample and can 
be interpreted in the terms of specific substances, 
such as carbonate and bicarbonate, only when the 
chemical composition of the sample is known. 

1.2 The sample is titrated with a standard 
acid solution to a designated pH, and the end 
point is determined by a color change of an 
internal indicator. 

2. Hazardhalysis 

(H~tsO3. Sulfuric acid is a corrosive material and is 
a Department of Transportation (DOT)-regulated 
material; its hazard class is Corrosive Liquid. Avoid 
contact with eyes, skin, and clothing. Adequate 
ventilation, eye protection, and disposable gloves 
are required. First aid for eye and skin contact is to 
immediately flush with water for 15 minutes, re- 
move contaminated dothing, and call a physician. 

2 2  Site-specific controls are available in the 
planning documents for a particular project. 

1.1 This method desaibes the field measure- 

2.1 This test procedure uses sulfuric acid 

3. Referenced Documents 

3.1 American Public Health Association, Stand- 
ard Methods for the Exnrninntion of Wafer and Waste- 
water, American Water Works Association, and 
Water Pollution Control Federation, Washington, 
D.C., 1980. 

3 2  American Society for Testing and Materials, 
Annual Book of ASTM Standards, Section 11, Volume 
11.01,1984. 

33 Geotech, Environmental Procedures Catalog 
(Manual 116): 

Standard Test Method for the Field Measure- 

3.4 Korte, N., and D. Ealey, Procedures for Fiefd 
CImical Analyses of Water Samples, Technical 
Measurements Center, US. Department of Energy, 
Grand Junction Area Office, GJ/TMC47(83), 1983. 

35 Wood, W. W., “Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents,” Tecliniques of 
Water-Resources Investigntions of the United Stntes 
Geological Srrmey, Chapter D2, Book I: US. Govern- 
ment Printing Office, Washington, D.C., Stock 
Number 024-001-02879-4,1976. 

4. Significance and Use 
4.1 The alkalinity of natural water is commonly 

used to obtain a value for the carbonate and bicar- 
bonate concentrations. Carbonate and bicarbonate 
determinations shall be made in the field at the 
time of sampling if the concentrations are to accu- 
rately reflect those concentrations originaily pre- 
sent in the sample. 

4.2 The following equations govern the reac- 
tions involved: 

C O ~ ”  + H+ = HC03- (this reaction is 
complete near pH 8.31, 

tIco3- + H+ = H20 + C02 (this reaction is 
complete near pH 4.5). 

The end point of pH 8.3 is determined by the 
color change of the phenolphthalein indicator, 
and the end point of pH 4.5 is determined by the 
color change of the bromocresol green-methyl red 
indicator. 

NOTE: If the measured pH of the sample is less 
than 4.5, there is no carbonate or bicarbon- 
ate alkalinity and this test method is not 
applicable. 

I ment of pH [LW(T)].  
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5. Interferences 

5.1 The measured values may include conhibu- 
tions from borates, phosphates, or silicates if these 
are present in the sample. 

5 2  Natural color or the formation of precipitate 
while titrating the sample may mask the color 
change of the indicator, or waste materials may 
interfere chemically with the color change by 
destroying the indicator. 

5.3 Varying results may be experienced 
with samples containing oxidizing or reducing 
substances. 

6. Apparatus 
6.1 Hach alkalinity test kit Model AL-DT. (This 

kit contains sulfuric acid, which is a DOT-rep- 
lated material; it5 hazard class is Corrosive Liquid.) 

6.2 Distilled or deionized water in a squeeze 
bottle. 

6.3 Kimwipes or equivalent ht-free tissue. 

7. Procedure 

7.1 Attach a clean, straight-stem delivery tube 
to a sulfuric acid titration cartridge. If the expected 
alkalinity is below 100 milligrams per liter (mg/L) 
as CaCO3, use a 0.16 N HzSO4 cartridge; if it is 
above 100 mg/L as CaC03, use a 1.6 N HzSO.1 car- 
tridge; or if it is above 1,000 mg/L, use an 8.0 N 
HzSO4 cartridge. Twist the cartridge onto the 
titrator body. 

7.2 Rush out the delivery tube by tuning the 
small knob until a few drops of titrant are ejected 
from the tube. Wipe the tip and reset the counter 
to zero. Ensure that there are no air bubbles in the 
cartridge. 

7.3 Take a sample by filling a clean 100-mL 
graduated cylinder to the 100-mL mark with water 
that has been filtered through a 0.45 micrometer 
(pm) filter. Pour the sample into a dean 250-mL 
Erlenmeyer flask. 

Test Method for the Field Measurement of pH 
[LQ-KD]. If the pH of the sample is less than 8.3, 
proceed to step 7.8; if the pH of the sample is 
greater than 8.3, proceed to step 7.5. 

indicator Powder Pillow and swirl to mix. 

7.4 Measure the pH of the sample; see Standard 

7.5 Add the contents of one phenolphthalein 

7.6 If the color turns pink, titrate with the sulfu- 
ric acid standard solution to a colorless end point. 
If the pink color does not develop, proceed with 
step 7.8. 

7.7 Read and record the amount of acid used. 
This is the amount of carbonate alkalinity, some- 
times referred to as phenolphthalein alkalinity. See 
section 8 for calculations. 

7.8 Add the contents of one bromocresol green- 
methyl red indicator Powder Pillow to the sample 
and swirl to mix. 

7.9 Titrate the sample with the sulfuric add 
standard solution until a light pink color is 
obtained. Read and record the amount of acid 
used. This is the amount of total alkaiinity. See 
section 8 for calculations. 

7.10 Pour the titrated sample into a properly 
labeled disposal container, rinse the Erlenmeyer 
flask and the graduated cylinder with distilled 
or deionized water, and place the items back in 
the kit. 

8. Calculations 

The calculation depends on the normality of the 
sulfuric acid titration cartridge used. The calcula- 
tions are performed as follows. 

8.1.1 When using the 0.16 N HtS04 titration 
cartridge, the digital readout from the titrator is 
multiplied by 0.1 to obtain alkalinity results in 
mg/L as CaC03. 

tridge, the results from the digital readout of the 
titrator are equivalent to mg/L as CaC03. 

8.1.3 When using the 8.0 N HZS04 titration car- 
tridge, the results from the digital readout of the 
titrator are multiplied by 5.0 to obtain alkalinity in 
mg/L as CaC03. 

8.1 The results are reported in mg/L as CaCO;. 

8.12 When using the 1.6 N H2S04 titration car- 

9. Quality Assurance 

measurement of alkalinity shall be logged for 
quality-assurance documentation. 

9.1.1 Normality of the titration cartridge. 

9.1.2 Phenolphthalein alkalinity. 

9.1.3 Total alkalinity. 

9.1 The following information about the field 

2 Environmental Procedures Catalog 
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9.1.4 Name of person perfonning the - 
measurement. 

10. Precision and Bias 

10.1 Under normal conditions, precision and 
accuracy of 2 15 percent can be expected from this 
procedure. 

LQ-nT) 
6/92 Rev. 1 

11. Kepvords 

11.1 Alkalinity, bicarbonate, carbonate, 
and titration. 
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Standard Test Method for the 
Field Measurement of Temperature 

Introduction 
Temperature readings are important for numerous applications. They are used in the 

measurement of Eh, pH, conductivity, and dissolved oxygen; and in saturation and stability 
studies. It is important to know the temperature of surface waters and groundwaters for the 
accurate geochemical evaluation of equilibrium thermodynamics. Temperature readings of 
f 1 "C are necessary for the above applications. 

1. Scope 

recommendations that shall be considered when 
taking a temperature measurement. There are 
numerous instruments on the market that can 
provide adequate temperature measurements. 
Each instrument-operating manual shall be con- 
sulted for detailed procedures. 

1.1 This procedure gives general guidance and 

2. Hazard Analysis 

2.1 No hazards requiring controls have been 
identified. Site-specific controls are available in the 
planning documents for a particular project. 

3. Referenced Documents 

3.1 American Public Health Association, Sfarid- 
ard Methorfsfor tlir Esaniimtiorr of Water and Waste- 
water, American Water Works Association, and 
Water Pollution Control Federation, Washington, 
D.C., 19SO. 

3.2 Wood, W.W., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Tedziriqires of 
Water-Resources lnxstigntiorrs of the Urritcd Stntes 
Geological Survey, Chapter D2, Book 1: U.S. Govern- 
ment Printing Office, Washington, D. C., Stock 
Number 024401-02S79-4,1976. 

4. Significance and  Use 

4.1 Temperature is a basic physical property 
that is measured by the response of matter to heat. 
There are many devices that, once calibrated, are 
acceptable for taking temperature measurements. 
These devices include liquid in glass (mercury in 
glass), thermocouples, bimetallic, and electrical- 
resistance thermometers. At a minimum, the device 
should measure temperature to 0.1 "C readability. 

5. Interferences 

5.1 The instrument-operating manual shall be 
consulted to identify any interferences particular to 
the device ;being used. 

5.2 In general, the true sample temperature is 
affected by the atmospheric temperature of the sur- 
roundings and the temperature of the devices used 
to collect the sample. 

6. Apparatus 

6.1 Temperature-measuring device. 

6.2 Distilled or deionized water in a squeeze 

6.3 Kimwipes or equivalent lint-free tissue. 

wash bottle. 

1 
7. Calibration 

7.1 Tlhe instrument-operating manual shall be 
consulted for specific calibrating procedures. 

8. Procedure 

deionized water and blot dry. 
8.1 Rinse the thermometer with distilled or 

S.2 Immerse the thermometer in the sample. 

8.3 Allow the reading to stabilize and record 
the temperature. 

9. Quality Assurance 

9.1 The following information about the 
temperature measurement shall be logged for 
quality-assurance documentation. 

9.1.1 Instrument used. 

9.1.2 Temperature of sample. 

9.1.3 Name of person performing the 
measurement. 
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4 .  

10. Precision and Bias 

10.1 Precision is instrument-dependent. 
Most measurement devices for field use are 
accurate to +- 0.1 "C 

2 
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11. Keywords 

11.1 Temperature and thermometer. 
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Standard Test Metho r the 
Fiefdl Measurement sf issol Wed 

Introduction 
Dissolved oxygen (DO) is required for the survival and growth of many aquatic 

organisms and the absence of dissolved oxygen may permit anaerobic decay of organic 
matter and the production of toxic and esthetically undesirable materials in the water. The 
measurement of dissolved oxygen is needed to accurately characterize the oxidation- 
reduction potential of a hydrologic system and can be an indicator of atmospheric contact of 
water before recharge to an aquifer. 

1. Scope 
1.1 This method contains the field procedures 

used to determine dissolved oxygen in aqueous 
samples using a polarographic technique with a 
membrane-covered electrode. The probe method is 
much more rapid and efficient than other methods, 
has fewer interferences, and can be used for con- 
tinuous monitoring. 

2. Hazard Analysis 

2.1 This test method uses sodium sulfite and 
cobaltous chloride for the preparation of the 
zerosxygen check solution. These chemicals are 
toxic in the concentrated form and the following 
precautions must be taken in the preparation of 
this solution. Avoid contact with the eyes and skin. 
Avoid breathing suspended particles. Adequate 
ventilation, eye protection, and disposable gloves 
are required. First aid for eye contact is to flush the 
eyes with water for 15 minutes and contact a physi- 
cian. First aid for skin contact is to wash the area 
thoroughly with soap and water. 

2.2 Site-specific controls are available in the 
planning documents for a particular project. 

3. Referenced Documents 

3.1 American Public Health Assodation, Ameri- 
can Water Works Association, and Water Pollution 
Control Federation, Standard Methods for the Exami- 
nation of Water and Wastmater: Arnericntt Public 
Health Association, Washington, D.C., 1980. 

3.2 American Society for Testing and Materials, 
Annual Book of ASTM Standards, Section 11, Volume 
11.01,1984. 

3.3 Geotech, Enaironmental Procedures Cafalog, 
Manual 116: 

Standard Practice for the Use of a Flow Cell 
for Field Measurements [LQ-lOCl?l. 

3.4 Korte, N., and D. Ealey, Procedures far Field 
Chemical Analyses far Water Samples, Technical 
Measurements Center, US. Department of Energy, 
Grand Junction Area Office, GJ/TMC47(83), 1983. 

3.5 Wood, W.W., ”Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents,” Techniques of 
Water-Resources Investigations for the United States 
Geological Survey, Chapter D2, Book 1: US. Govern- 
ment Printing Office, Washington, D.C., Stock 
Number 024-00142879-4,1976. 

4. Significance and Use 

4.1 Oxygen-sensitive membrane electrodes are 
composed of two solid metal electrodes separated 
from the sample by an oxygen-permeable mem- 
brane. The membrane serves as a diffusion barrier 
against impurities. The rate of oxygen diffusion 
across the membrane creates a current that is 
directly proportional to the amount of dissolved 
oxygen in the sample. This current is converted to 
concentration units during the calibration. 

5. Interferences 

5.1 Membrane electrodes are sensitive to tem- 
perature variations. Most DO meters have automat- 
ic temperature compensators that correct for these 
variations. If not, thermal equilibrium must be es- 
tablished between the sample being measured and 
the calibrating solution. 

5.2 Oxygen-permeable membranes are also 
permeable to other gases that can affect the meas- 
urement. Chlorine and hydrogen sulfide will even- 
tually desensitize the probe during long-texm 
exposures. These gases are not normally found in 
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groundwater samples, or their concentrations are 
too small to cause significant problems. 

53 Because atmospheric oxygen is rapidly 
absorbed by water samples, use of an air-exdusion 
chamber is required if in situ measurements cannot 
be made. 

6. Apparatus 

lnstruments (YSI) Model 57. 
6.1 Dissolved oxygen meter, Yellow Springs 

6.2 Yellow Springs Instruments (YSI) 5739 
dissolved-oxygen probe. 

6.3 Bottle of electrolyte and extra membranes 
for probe. 

6.4 Sodium sulfite and cobaltous chloride. 

6.5 Distilled or deionized water in a squeeze 

6.6 Kimwipes or equivalent lint-free tissue. 

6.7 Flow cell; see Standard Practice for the Use 
of a Flow Cell for Field Measurements IL@lOfl)l. 

wash bottle. 

7. Califbration 

7.1 The following steps describe the calibration 
of the YSI Model 57 meter and the YSI 5739 probe 
in watersaturated air. 

7.1.1 Adjust the mechanical ZERO with the 
instrument turned OFF. 

7.1.2 Turn the control knob to the "red line" 

7.1.3 plug probe into instrument and wait 

7.1.4 Turn the control knob to ZERO and adjust 

7.15 Turn the salinity knob to FRESH. A salin- 

position and adjust if  necessary. 

about 15 minutes for the probe to polarize. 

if necessary. 

ity correction will not be needed because the cali- 
bration is performed with distilled water. 

7.1.6 Insert the probe about 4 centimeters (an) 
into the open end of the bottomless plastic storage 
bottle containing a small sponge soaked with 
deionized water. Ensure that there is a tight fit 
between the probe and bottle and that there are no 
droplets of water on the probe membrane. 

7.1.7 Allow at least 10 minutes for the system to 
reach constant temperature and 100 percent rela- 
tive humidity. Be careful that this step is carried 
out in a constant temperature environment. Typi- 
cally, bathe the bottle in a stream of the water to be 
tested or at least keep the bottle in the shade dur- 
ing equilibration. 

7.1.8 Turn the meter control knob to TEMP 
position and read the temperature inside the bottle 
to the nearest 0.5 "C. 

' 

7.1.9 Determine the DO saturation value in 
parts per million (ppm) for that temperature from 
Table 1. 

Table 1. Dissolved Oxygen Saturation Values at Various Temperatures 

sat. 
Value 
(PPm) 

Temp 
("C) 

Sat. 
Value Temp sat. 

Value 
(PPW 

Temp 
(" C) 

sat. 
Value 
(PPm) 

Temp 
("C) 

(PPm) 
(" C) 

0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  

14.6 
14.2 
13.9 
13.5 
132 
12.8 
12.5 
12.2 
11.9 
11.6 
11.3 
11.1 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

10.8 
10.6 
10.4 
1'0.2 
9.9 
9.7 
9.5 
9.3 
9.2 
9.0 
8.8 
8.7 

35 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

8.5 
8.6 
8.2 
8.1 
7.9 
7.8 
7.7 
7.5 
7.4 
7.3 
7.2 
7.1 

36 7.0 
37 6.8 
38 6.7 
39 6.6 
40 6.5 
41 6.4 
42 6.3 
43 6.2 
44 6.1 
45 6.0 
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7.1.1 0 Determine the correction factor from 
Table 2 on the basis of either the atmospheric 
pressure (most accurate method) or the altitude 
above sea level. Cables 1 and 2 are also available 
on the back of the YSI 57). 

Table 2. Correction Factors for Dissolved Oxygen 
Saturation Values as Determined by 
Pressure or Altitude 

Pressure Altitude Correction 
(mm) (fl) Factor 

n5 
760 
745 
7308 

__ 

-540 
0 

542 
1094 

1.02 
1 .oo 
0.98 
0.96 

Cautio= These chemicals are toxic in the concen- 
trated form. Avoid eye and skin contact by wear- 
ing eye protection and disposable gloves. 

day on which measurements are being taken. 
7.14 Leave the meter turned on during the entire 

8. Procedure 

measurement of dissolved oxygen using the YSI 
Model 57. 

and place it in the solution to be measured. An 
in situ measurement is preferred. If the sample is 
being pumped from a well, the measurement shall 
be made in an air-exdusion cell. 

8.1 The following steps outline the field 

8.1.1 Remove the probe from the storage bottle 

71 4 1688 0.94 8.1.2 Move the probe through the water or 
699 2274 0.92 pump through a flow cell to ensure a velocity of at 
684 2864 0.90 least 1 foot per second past the probe. This prevents 
669 3466 0.88 
654 4082 0.86 
638 4756 0.84 8.1.3 Turn the meter control knob to TEMP 

depletion of oxygen at the membrane-water 
interface. 

623 

9 :;; 
578 
562 

position and record the temperature to the nearest 
0.5 'C. 

8.1.4 Turn the meter control knob to the proper 
DO scale; after the meter reading has stabilized, 
record IDO concentration to the nearest 0.1 mg/L. 

5403 0.82 
6065 0.80 
6744 0.78 
7440 0.76 
8204 0.74 

547 8939 0.72 8.1.5 Remove the probe, rinse with distilled 
532 9694 0.70 water, blot dry, and return the probe to the 
51 7 10472 0.68 storage bottle. 
502 1 1272 0.66 9. Quality Assurance 

9.1 The following information about the field 
measurement of dissolved oxygen shall be logged 
for quality-assurance documentation: 

7.11 Multiply the correction factor by the satura- 
tion value to obtain the calibration value. 

7.12 Turn the meter control knob to the desired 
range and adjust the calibration knob to set the me- 
ter to the calibration value. 

7.13 Perform zero oxygen check as follows. Pre- 
pare a solution containing 1 gram of sodium sulfite 
(Na2S03) and about 1 milligram of cobaltous chlo- 
ride (CoClz) in 1 liter of deionized water. Insert the 
probe into this solution and measure the dissolved 
oxygen. The instrument will read less than 0.2 mil- 
ligram per liter (mg/L) if the probe is functioning 
properly. 

9.1.1 Date and time zero check was last 
performed. 

9.1.2 Atmospheric pressure or altitude. 

9.1.3 Temperature of calibration chamber. 

9.1.4 DO saturation from table. 

9.1.5 Correction factor used for altitude or 
pressure. 

9.1.6 Calibration value. 
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9.1.7 Sample temperature. 

9.1.8 Measured DO. 

9.1.9 Instrument manufacturer and model 
number. 

9.1.10 Name of person performing the 
measurement. 

4 

10. Recision and Bias 

10.1 Under normal conditions, precision and 
accuracy of i 0.5 mg/L can be expected from 
this procedure. 

11. Keywords 

dissolved oxygen. 
10.1 Mtitude, atmospheric pressure, and 
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1. Scope 

Sta sa daad ractice for the 
Flow Cell for Field Measurements 

Introduction 

Reliable field measurements are an essential part of a groundwater samplig program. 
Some properties or constituents in groundwater may change considerably within a few 
minutes of collection. These changes are caused by turbulence, heating or cooling, 
depressurization, and gas exchange with the atmosphere. Use of a dosed flow-through cell 
will minimize these changes. 

4. Significance a d  Use 

1.1 This procedure describes the use of a closed 
flow-through cell for monitoring selected chemical 
parameters in groundwater. The cell is used 
when monitoring the purging of stagnant water 
from monitor wells before Sam 

easurement of pH, 

dissolved oxygen under conditions as close to in 
situ as practical. A flow-through cell can be 
purchased from various suppliers or can be 
constructed as described in references 3.1 and 8 3.2. 
2. IHazard Analysis 

2.1 Refer to project safety plan for site- or task- 
specific hazards and control methods. 

3, Referenced Documents 

3.1 Garske, E., and1 R. Schock, "An Inexpensive 
Flow-Through Cell1 and Measurement System for 
Monitoring Selected Chemical Parameters in 
Ground Water", Ground Water Monitoring 
Review, Summer 1986 

3.2 Korte, N., and D. Ealey, Procedures for 
Field Chemical Analyses of Water Samples, 
Technical Measurements Center, U.S. 
Department of Energy, Grand Junction Area 
Office, GJmC-07(83) ,  1983 

3.3 Wood, W.W., "Guidelines for Collection and 
IField Analysis of Ground-Water Samples for 
Selected Unstable Constituents", Chapter D2 in 
Techniques of Wa ter-Resou rces hues t iga t ions 
of the United States Geological Survey, 
IBook 1, 1976 

4.1 Flow cells allow the sampler to obtaii test 
results that are more representative of conditions 
present in the water when it resided in the 
ground. That is, fewer chemical and physical 
changes occur if the test is made immediately 
through a flow cell than if the water is exposed to 
air and to a longer period of time before 
measurements are made. 

5. Apparatus 

5.1 Flow-through cell. 

5.2 Stoppers, fittings, valves, and tubing, as 
required. 

6. Procedure 

6.1 Establish temperature equilibrium between 
the sample water and calibration solutions 
(solutions must be within *lo" C of the sample 
temperature). 

flow cell. 

6.5 Recheck electrode calibration as necessary 
during the purging of the well and just before 
samplig. 

6.6 Turn off the pump, disconnect the tubing, 
and remove the electrodes from the flow celll. 
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6.7 Clean the flow cell with distilled water and 
prepare for sample collection. 

7. ProcedureBias 

7.1 The flow rate through the cell shall not be 
more than 1 liter per minute (Um). If flow rates 
exceed 1 U m ,  streaming potentials could occur. 
Streaming potentials are caused by the static- 
charge effect of water moving through small 
openings. These potentials can cause erroneous 
pH readings. If necessary, reduce the flow rate 
or stop pumping to take readings. 

7.2 The cell assembly, electrodes, and hoses 
should be insulated or kept out of direct sunlight 
to reduce the effect of temperature changes on 
the readings. 

2 
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8. QudityAssurance 

8.1 The use of a closed flow-through cell should 
be noted on the sample documentation form or 
in the field logbook. 

9. IKeyworQs 

9.1 Chemical parameters, conductivity, dissolved 
oxygen, ~~~~~~~~* flow cell, 
temperature, and pH. 
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Standard Practice for the Sampling of Liquids 
Introduction 

The type of sampling equipment shaILdepend on the sample to be collected, which 
analytes the sample is being collected for, and the site-specific requirements such as depth 
to water or depth of well. Because each sampling situation is unique, the equipment used 
and its application may have to be modified to ensure that a representative sample is 
collected and its physical and chemical integrity is maintained. 

1. Scope 

Liquid samples. There are eight methods that can 
be used to collect liquid samples. Some sampling 
situations use a combination of these methods. For 
example, a peristaltic pump could be used to collect 
the inorganic samples and a bailer used to collect 
the organic samples. The eight methods are 

hqethod A-Sampling With a 

Method &Sampling With a Bladder Pump 

1.1 The procedures listed here are used to collect 

Section 

Peristaltic Pump 3-7 

8-10 

Method C-Sampling With a Bailer 11-13 

Ilethod D-Sampling b’ith a 
Submersible Pump 1416 

Method E-Sampling With a Composite 

Method F-Sampling With a Dip- 

Method &Sampling by Container 
Immersion 23-25 

Method H-Sampling From Taps, Valves, 
or Faucets 26-28 

Liquid Waste Sampler (Coliwasa) 17-1 9 

Type Sampler 20-22 

Z HazardAnaIysis 

2.1 These procedures use gasoline-powered 
electric generators, gasoline-powered air compres- 
sors, and battery-powered pumps and accessories. 
The following safety precautions shall be followed. 

21.1 Air compressors that are belt driven shall 
have a belt guard in place. 

2.1.2 Care shall be taken when connecting and 
disconnecting equipment powered by lead-acid 
batteries to avoid generating sparks that have the 
potential of creating an explosive hazard. 

2.1.3 Gasoline is a Department of Transporta- 
tion-regulated material; its hazard class is Flamma- 
ble Liquid. Gasoline shall be stored in Factory 
Mutual-approved safety cans. Safety cans shall 
be well secured in the vehicle during transport. 
Gasoline-powered equipment shall be cool before 
filling, and care should be taken not to spill any 
gasoline. 

2.1.4 Air compressors shall not be operated 
above rated capacities and shall be confi,ved 
to avoid having any dead-end fittings above 
20 pounds per square inch (psi). 
’ 2.1.5 Care shall be taken when lifting hea\y 
equipment; proper lifting techniques shall be used. 

2.1.6 Site-specific controls are available in the 
planning documents for a particular site. 

3. Referenced Documents 

3.1 American Society for Testing and Materials, 
Sfnizdard Guide for Snmpling Groiindunter Monitoring 
Wells, D444SSSa, 1986. 

3.2 Geotech, Enoiroiznreir fnI Procedures Catalog, 
Manual 116: 

Standard Practice for Sample Labeling 
tGN-8CP)I. 

Standard Practice for Equipment Decontami- 
antion [GN-l3(P)I. 

General Considerations for the Sampling of 
Liquids [LQ-l(G)]. 

3.3 US. Department of Energy, The Eizvirotz- 
nrentnl Survey Mnnual, Appendix E, Volume 4, 
DOE/EH-0053,1987. 

3.4 US. Environmental Protection Agency, 
Handbook of Grozinduwter, EPA/625/647/016,1987. 

3.5 U.S. Environmental Protection Agency, 
Practical Guide for Groundwater Sampling, 
EPA/600/2-85/104,1985. 
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3.6 U.S. Environmental Protection Agency, 

S W 4 4 6 ,  Test Methods for EDaluating Solid Wnsfe , 
Volume 2,1986. 

4. Significance and Use 

4.1 The usefulness and limitations for each 
of the first four sampling methods are listed in 
General Considerations for the Sampling of Liquids 
[LQ-l(G)], Table 1 through Table 5. Coliwasa sam- 
plers are useful to obtain representative samples of 
multiphase materials from drums or other contain- 
erized vessels. Limitations are their relative high 
costs and the difficulty of decontaminating the 
sampler. Dip samplers only collect grab samples 
with a limited vertical extent. The sampler must be 
aware of this Limitation and also exclude surface 
debris or films from liquid surfaces if this is not de- 
sired. contamination from plumbing is a primary 
concern I\--hen sampling taps, valves, or faucets. 

Method A 
Sampling IVith a Peristaltic Pump 

5. Apparatus 

5.1 Peristaltic-type p-amp. 

5.2 Silicone, C-FLEX, or Sorprene tubing for 
the pump head. 

5.3 Siiicone, Teflon, polyethylene, or \inyl 
tcibing for placing in the liquid to be sampled 
(sucson line). 

5.4 Generator or other souce of electricity. 

6. Procedure 

6.1 The following procedure supplements the 
instruction in the instrument-specific operating 
manual. 

6.1.1 Place the suction line in the liquid to be 
sampled. If sampling a monitoring well, place the 
tubing inlet just above the screened interval. 

6.1.2 Connect the suction line to the pump. 

6.1.3 Turn on the pump and adjust the flow rate 
so sample turbulence is at a minimum. Allow sev- 
eral liters to tlow and recheck stability parameters 
(i.e., pH, conductivity, and temperature). 

6.1.4 Fill the necessary sample bottles by allow- 
ing the pump discharge to flow gently down the 
side of the bottle with minimal turbulence. 

6.1.5 Label, preserve, and document the sam- 
ples as required by Standard Practice for Sample 
Labeling [GN*(P)!. 

6.1.6 Remove the tubing from the liquid and 
clean and decontaminate as required by Standard 
Practice for Decontamination [GN-l3(P)II. 

7. Procedure Bias 

7.1 Sampling organics using a peristaltic pump 
is not recommended. The suction lift action will 
strip volatiles and degas the sample. The silicone 
tubing tends to absorb some organics and slowly 
release them, contaminating subsequent sampIes. 

Method B 
Sampling With a Bladder Pimp 

S. Apparatus 

S.l Bladder-type pump. 

S.2 Air compressor. 

S.3 Teflon, polyethylene, or vinyl tubing for the 
air and sample line. 

9. Procedure 

9.1 The follow-ing procedure is supplemental 
to the ins:ruction in the instrument-specific operat- 
ing manual. 

9.1.1 Lower the pump gently to a position just 
above the screened internal. 

9.1.2 Connect the air lire to the pump controller. 

9.1.3 Initiate pumping and allow several liters 
of water to be pumped prior to samp;e collection 
(recheck stability parameters, i.e., pH, conductiv- 
ity, and temperature). 

ing the pump discharge to flow gently down the 
side of the bottle with minimal turbulence. 

9.1.4 Fill the necessary sample bottles by allow- 

9.1.5 Labell, preserve, and document the sam- 
ples as required by Standard Practice for Sample 
Labeling [GN-S(P)]. 

and decontaminate as required by Standard Prac- 
tice for Decontamination [GN-l3(P)]. 

9.1.6 Remove the pump from the well and dean 
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10.1 Bladder-type pumps constructed of stain- 
less steel, Teflon, or both provide superior perfom- 
ance for most applications. The use of Teflon 
sample- and air-line tubing allows the bladder 
pump to be used for the collection of organics. The 
main disadvantage is the slow pumping rate, large 
consumption of compressed air, and difficulty in 
cleaning and decontaminating. 

Method C 
Sampling With a Bailer 

11. Apparatus 
11.1 Teflon or stainless steel bailer. 

11.2 Teflon or stainless steel cable or line. 

11.3 Bailer reel. 

12. Procedure 

12.1 Attach a properly cleaned bailer to the ca- 
ble or line. 

Liquid. 
12.2 Lower the bailer slowly until it contacts the 

12.3 Allow the bailer to sink until it reaches the 
sceened intend of the well or the desired sam- 
pling point. 

12.4 Slowly raise the bailer to the surface. 

12.5 Tip the bailer or use a bottom-emptying 
device and fill a container to recheck the 
stability parameters (i.e-, pH, conductivity, and 
temperature). 

12.6 Repeat steps 12.2 through 12.5 as many 
times as necessary to fill the sample bottles. 

12.7 Label, preserve, and document the samples 
as required by Standard Practice for Sample Label- 
ing [GN-W)]. 

12.8 Clean and decontaminate the bailer as re- 
quired by Standard Practice for Decontamination 
[GN-lS(P)]'. 

13. Procedure Bias 

13.1 Bailers constructed of Teflon, stainless 
steel, or both provide adequate performance for 
most applications. Bailers expose part of the sample 
to the atmosphere during sample withdrawal and 

should not be used to collect samples where con- 
tact with the atmosphere is important (i.e., field 
measurement of dissolved oxygen and Eh). A 
bottom-emptying device is recommended for the 
collection of volatile organics using a bailer. 

Method D 
Sampling With a Submersible Pump 

14. Apparatus 

14.1 Submersible-type pump. 

14.2 Discharge tubing of \-i.nyl, polyethylene, 

14.3 Power souce of generator or batteries. 

or Teflon. 

15. Procedure 

to the instructions provided in the instrument- 
specific operating mulual. 

15.1.1 Set up the pump according to the 
operating manual. 

13.12 Gently lower the p w p  to a position just 
above the screened interval. 

15.1.3 Initiate pumping and allow several 
tubing \volumes of liquid to be pumped prior to 
sample collection. Recheck stability parameters, 
(i.e., pH, conductivity, and temperature). 

ing the pump discharge to flow gently down the 
side of the bottle with minimal turbulence. 

15.1 The following procedure is supplemental 

15.1.4 Fill the necessary sample bottles by allow- 

15.1.5 Label, preserve, and document the sam- 
ples as required by Standard Practice for Sample 
Labeling [GN-S(P)I. 

taminate as required by Standard Practice for 
Decontamination [GN-lS(P)I. 

15.1.6 Remove the pump and clean and decon- 

16. Procedure Bias 
16.1 Considerable sample agitation results 

when using a submersible pump. Submersible 
pumps are not recommended for the collection of 
dissolved gases, organics, or oxidation/reduction- 
sensitive samples. They also have a higher poten- 
tial of sample contamination because of the 
construction material. 
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Method E 
Sampling With a Coliwasa Sampler 

17. Apparatus 

stainless steel, Teflon, polyethylene, or glass. 

line. 

17.1 Coliwasa-type sampler constructed of 

17.2 Teflon, stainless steel, or nylon suspension 

17.3 Disposable gloves. 

17.4 Kimwipes or equivalent lint-free tissue. 

18. Procedure 

lS.l S!orvly lower the sampler into the liquid 
to be sampled. Lower the sampler at a rate that 
permits the levels of liquid inside and outside the 
sample tube to be about the same. 

1S.2 N'hen the sample interval has been 
reached, seat the bottom check valve. 

1S.3 Slo~vly iithdraw the sampler with one 
hand while riping the outside of the sampler us- 
ing a disposable tissue. 

HS.4 Carefully discharge the sample into the 
szmple contzher. 

15.5 Repeat steps 18.1 through 15.4 as many 
times as necessary to fill all the sample bottles. 

i3.6 Label, ixzserve, and document the samples 
as required by Standard Praciice for Sample Label- 
ins [GN-S(P)]. 

quired by Stzildard Practice for Decontamination 
18.7 Glean and decontaminate the sampler as  re- 

[G N-l3(P)]. 

19. Procedure Bias 

19.1 The Coliwasa-type sampler is appropriate 
for collecting samples of containerized liquids. The 
material of construction should be considered for 
the particular type of liquid to be sampled. A Coli- 
wasa sampler is also difficult to decontaminate 
adequately. 

Method F 
Sampling With a DipType Sampler 

20. Apparatus 

stainless steel, polyproplylene, or glass. 
20.1 Dip-type sampler constructed of Teflon, 

21. Procedure 

21.1 Assemble the sampler. 

21.2 Slowly submerge the sampler into the 
liquid to be sampled causing minimal surface 
disturbance. 

ing minimal surface disturbance. 

bottle allowing the sample to flow gently down the 
side of the bottle. 

21.3 Repeat steps 21.2 through 21 -4 as many 
times as necessary to fill all of the sample bottles. 

21.3 Retieve the sampler from the liquid caus- 

21 .? Sloivly empty the sampler into the sample 

21 -6 Label, preserve, and document the samples 
as reqcked by Standard Practice for Sample Label- 
ing [GNS(P)]. 

21.7 Clean and decontaminate the sampler as re- I. 
I quired by Standard Practice for Deconta&ation 

[GN-I ;(I?)]. 

22. Procedure Bias 

22.1 A dip-type sampler is app-opnate for 
surface liquids such as ponds, open tanks, pits, 
lagoons, ar.d sewers. It can only be used for a gab-  
type sample, and its material of construction shall 
be compatible with the liquid to be sampled and 
the analytes of interest. 

Method G 
Sampling by Container Immersion 

23. Apparatus 

23.1 Sample container. 
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23.3 Distilled or deionized water in a squeeze 

23.4 Kimwipes or equivalent lint-free tissue. 

bottle. 

24. Procedure 

23.1 After putting on the appropriate gloves, 
submerge the sample bottle below the liquid 
surface. If the liquid is flowing, point the bottle 
upstream. 

242 W o w  the container to fill to the desired 
volume. 

24.3 Remove the container, cap and rinse the 
container's outside surface with clean rcater, and 
dry with a tissue. 

as rsquird by Standard Practice for Sample Label- 
24.4 Label, preserve and document the sample 

l I ing [GNS(P)I. 

25. Procedure Bias 
25.1 The container-immersion method can only 

be used to collect samples from shallow streams, 
Rear the shoie of ponds or lakes, or from open-top 
containerized liquids. It can only be used for a 
grab-type sample and requires immersing the 
hands; it is not acceptable for highly pol!uted or 
hazardous liquids. 

Method H 
Sampling From Taps, Valves, or Faucets 

26. Apparatus 

bottle. 
26.1 Distilled or deionized water in a squeeze 

26.2 Kimwipes or equivalent lint-free tissue. 

26.3 If the sample bottle cannot be placed under 
the tap, valve, or faucet, a hose or other device 
shall be attached to the outlet to allow the sample 
to be collected. 

27. Procedure 

27.1 Turn on the tap, valve, or faucet and allow 
sufficient liquid to flow to ensure that any rust or 

residue is removed from the lines and that fresh 
liquid is flowing. 

and place the container under the source. 
27.2 Remove the cap from the sample container 

27.3 Fill the sample bottle to the desired volume. 

27.4 Repeat steps 27.2 and 27.3 as many times 
as necessary to fill all of the sample containers. 

27.5 Shut off the tap, 1-ah-e, or faucet; clean the 
outside of the sample container using clean water 
and lcipe dry. 

27.6 Label, preseme, and document the sample 
as required by Standard Practice for Sample Label- 
ing [GN-S(P)]. 

28. Procedure Bias 

25.1 This procedure is used to collect grab-type 
szmples from piped systems. Strainers, aerators, 
and hose attachments shodd be removed prior to 
sample collection. The material of construction for 
the piping system influences sample impurities 
end should be documented in the field logbook. 

29. Quality Assurance 

29.1 All of the methods listed above require the 
fo!lo\cing information to lbe logged for quality- 
assurance documentation. 

29.1.1 Date of sample collection. 

29.1.2 Location of sample. 

29.1.3 Sample number. 

29.1.4 Type of sampling mechanism used. 

29.1.5 Container type, size, and number of sam- 

29.1.6 Preservatives used. 

ples collected. 

29.1.7 Signature of sampler. 

30. Keywords 

30.1 Bailer, coliwasa, liquid samples, sampler, 
and sampling. 
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1. scope 

Resewation of Liquid Samples 

1.1 This procedure addresses the collection, 
filtration, and preservation of liquid samples. 
Section 7 gives the general collection procedures. 
Sections 8 and 9 are specific to the collection of 
organics. Section 10 provides the procedure for 
sample filtration. Section 11 provides guidelines 
for sample preservation. Table 1 summarizes the 
generally accepted bottle types, volume 
requirements, preservatives, and holding t i e s  for 
most analytes. 

1.1.1 Improper filtration, preservation, or 
residence time before analysis may compromise 
sample integrity. 

1.2 Many factors should be considered during 
the sample collection phase: bottle 
size, preservation, sample filtration, 
and order of sample collection. 

2. Hazard Analysis 

2.1 This procedure uses a variety of chemicals 
for preserving the samples. The sampler shall 
have a copy of and review the Material Safety 
IData Sheets (MSDS) for each of the chemicals 
that will be used at a particular site. Most of the 
preservatives can be categorized as strong acids 
or strong bases. 

2.2 The personal protective measures for strong 
acids (hydrochloric [HCI], nitric [HNOS], and 
sulfuric [H2S04]) and strong bases (such as sodium 
hydroxide i[NaOH]) are to avoid eye and1 skin 
contact and avoid1 breathing vapors by wearing 
eye protection and disposable gloves, providing 
adequate ventilation, and taking first aid measures 
to flush eyes or skin immediately with water for 
15 minutes and contacting a physician. 

2.3 Site-specific controls are available in the 
Health and Safety Plan for a particular project. 

3. Referenced Documents 

3.1 GJO Environmental Procedures Catalog, 
(GJO 6): Procedure GT-2(P), "Standard Practice 
for Sample Labeling" 

3.2 U.S. Environmental Protection Agency, 
Specifications and Guidance for 
Contaminant-Free Sample Containers, Office of 
Solid Waste and Emergency Response, 
Washington, D.C., EPA/540/R93/051, NTIS 
stock number PB93/963316, December 1992 

4. Terminology 
- 

4.1 Meniscus-The curved, upper surface of a 
liquid in a container. 

4.2 MSDS-Material Safety Data Sheet. Printed 
material1 that provides descriptions of the 
properties, hazards, and health and safety 
considerations of a chemical or material; 
emergency measures in case of an accident; and 
instructions on the safe handling of the chemical 
or material. 

4.3 O r g a n i c 4  compound that contains 
- carbon. 

4.4 Vola t i le4  compound that readily 
evaporates at normal temperatures and pressures. 

5. Significance and Use 

5.1 The procedures listed here are general. 
guidelines. Sitespecific requirements vay and no 
one procedure will fit all situations. In many 
cases, the judgment of a well-trained, experienced 
team leader is required to make the necessary 
decisions in the field to obtain the best sample 
possible and meet all requirements. 

6. Apparatus 

6.1 Sample bottles 
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Table 1. Guidelines for Preservation of Samples 

(SO& fluoride (Fl), 
bromide (Br), and 

Orthophosphate - 48 hours 

orthophosphate 
Nitrate (NOS, Nitrite (NO&*' 
Nitrate (NO3 and NO2 as N) 
Ammonia,Na,N02 . 
Ammonium I _  

Inorganic Cations 
Dissolved metals PN500 mL Filtered 0.45 pm, HNO3 pH c2 6 months (except mercury 

Total metals 
Radioisotopes 
Uranium~~urahium-238A> 
Thorium-230 
Polonium-210 - 
Lead-21 0 
Radium-22 
Radium-228 
Gross alphaheta 
Radon 

Organics . 

Volatile organics 
Semivolatile organics 

Polychlorinated biphenyls 
and pesticides 
Chlorinated herbicides 

Total organic halides (TOX) 
Total organic carbon (TOC) 
Phenals 
Oil and grease 

1 PA//OO mL NO3 pH22 

Other 
Biochemical oxygen 
demand (BOD) 
Chemical oxygen demand 

Total dissolved solids 
Cyanide 
Sulfide 

(COD) 

"P = polyethylene; G = glass; A = amber; mL = milliliter; L = liter. 
Note: Amber container is not required for metals unless photosensitive metals (e.g., silver) are being analyzed. . 
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l 6.2 Sample labels a 
6.3 Sample ticket books (GJPO 1854), example 
shown below. 

I 

Figure 1. Example of a Sample Ticket (GJO 1854) 

6.4 Water Sampling Field1 Data Sheet (GJO 
1805), Figures 2a and 2b 

6.5 Preservative solutions as required by the 
planning documents. 

6.6 Dispensers for preservative solutions. 

6.7 Coolers and ice for cooling collected 
samples. 

6.8 In-line filter holders and filter sheets of 0.45 
micrometer (Pm) pore-site or in-line disposable 
0.45-Pm pore-size filters. 

6.9 Pump and1 tubing 

6.10 Distilled water and lint-free tissue 

7. General Sample Collection Procedures 

7.1 Collect all samples as close to the source as 
possible. 

7.2 Choose the appropriate bottles for the 
analytes needed (see Table 1). Visually inspect 
the bottles for cleanliness, breaks, and missing 
parts prior to sampling. Sample bottles should be 
pre-cleaned to guidelines established by the U.S. 
Environmental Protection Agency (EPA) in 
reference 3.2. 

7.3 Complete the sample ticket (Figure 1) and 
label the bottles as required by the planning 
documents or Standard Practice for Sample 
Labeling [GT-2(P)], reference 3.1. 

7.4 Preservatives may be added at this time, or 
they may be added after sample collection. 
(Samples collected without headspace must be 
pre-preserved.) 

4 

7.5 Collect the samples by allowing the liquid to 
flow gently down the side of the bottle with 
minimal turbulence. Collect unfiltered samples 
prior to filtered samples. 

7.6 Collect unfiltered samples in the following 
order: 

7.6.1 Volatile organics and total organic halides 

7.6.2 Dissolved' gases and total organic carbon 

7.6.3 Ibrge-volume samples for organic 
compounds 

7.6.4 Sensitive inorganics, such as nitrogen 
dioxide, ammonium, and ferrous oxide 

7.6.5 Total metals 

7.7 Collect filtered samples in the following 
order: 

7.7.1 Alkalines 

7.7.2 Trace metals 

7.7.3 Major cations/anions 

6.11 Project logbook 
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Time . Temp Conductivity Conductivity ATC pH I Eh Turbidity 0.0. 

Ic7s ii.0 q 5 E; j 3 3  I l ' 7 .y "  I - J Y  0. II N;.7 

Water  Sampling Field Data 
3- 1 r-9 4 Project Location L c ,  ,Ke L.* le JJ Well I Location NO. SO Y .- Dale 

Sequence Number 13 Sample Numb0 

- 
Well Purging Information 
Depth to water /537 Casing Diameter 2 " 
Depth ofwell 7 '?. 72 Casingvolume IX I . X  3~ 3C- IOX (gal.) 2"=.163,4"=.65saR 

Depth of water '7 2. 4 5 B_orehole Volume u4 Low Flow Purge Volume AM 
Sampling Equipment Grundlos G S u b m e r &  Pe ristaltic or her  

Measurement Equipment 
\ 

YSI 3500. Hach 21OOP Turbidimeter. Hach elkalinihr. Olhe r; 

Calibration Information 
Conductivity 
Time of calibration check 
Temperature of calibration standard c .7 
Conductivity reading & e l  
Conductivity reading at 25" C 

Turbidity 

Time of operational check 

Gelex Standards 

0 7 v 0  

io Y 3 

(; 7 7s 

Assigned Value Actual Reading 
5.30 T. 3 0  

&- 1. (r c 1.Y 
57c1 5 7 s  

Eh 
Temperalure olZobell solution L7?Y@ 

Eh of Zobell solution 2sT mV 

I 

PH 
Time of two-buffer calibration 0 7 5 . 0  
Temperature of buffer solutions . 7 L . z  
Buffers used for calibration 

a . 

mmHg. Altitude 

Calibration Value 

X C  >-/y-') i' 

DO saturation 

Final Sample Data 

Alkalinity 
Time 10747 Unfiltered Total alkalinity 10 3 ppm as CaCO, 
Time Filtered Total alkalinity I I 0 ppm as CaCO, 

Hach k A  method: f ia t ion  cartridge 1.6 N HSO. 

Phenolphthalein alkalinity (for pH 8.3 or greater) Unfiltered- fl!k Filtered' 

Filters 

Number of 0.45 LI disposable filters used I 

Figure 2a. Example of a Water Sampling Field Data Sheet, Front (GJO 1805) -. 
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I Q K  rJ4 1 O K  a it: 1 c*;fi.IvN&8 ,--.e ,464yJ 

Purge Data 

Volume 
Conductivity pH Eh Turbidity 1 DO 

(pmhoslcm) 
ATC (mV) (NTU) (mgLor%)  

I 

? 

3 - ) 8- L1 c1 
Signature of Sampler Date Signed 

Checked by Date checked 3//r/1'5 

Figure 2b. Example of a Water Samplingl Field Data Sheet, Back (GJO 1805) 
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7.7.4 Radionuclides 

7.8 Add preservative as required, if not 
pre-preserved. 

7.9 Cap the bottle securely. 

7.10 Store as requiredl. Some samples may 
require storing at 4 "C immediately after 
collection. IUse a cooler with ice for storing these 
samples. 

7.11 Complete the Water Sampling Field Data 
Sheet (Figures 2a and 2b) as shown. 

8. Nonvolatile Organics Sampling 
Procedure 

8.1 Follow steps 7.1 through 7.3. 

8.2 Add preservatives to the bottle, if required. 

8.3 Collect samples for nonvolatile organics by 
slowly filling the bottle, allowing the liquid to flow 
gently down the side of the bottle with minimal 
turbulence. Do not filter samples to be analyzed 
for organics. 

8.4 Cap the bottle securely. 

8.5 Store as required. Most organic samples 
require storage at 4 "C. 

9. Volatile Organics Sampling Procedure 

9.1 Take special care when collecting a volatile 
organic sample to reduce the possibility of losing 
the volatile constituents. Volatile organics are 
collected in a 40-milliliter (mL) glass vial that has 
a Teflon-lined, silicone-septum cap. 

9.2 Label the vial. 

9.3 Add preservative (if required). 

9.4 Slowly fill the vial to overflowing. 

9.5 Hold the vial level or carefully set it on a 
level surface. 

9.6 Place the cap with septum, Teflon-side down 
on the convex water meniscus and seal by 
screwing the cap to the bottle. 

9.7 Check for air bubbles by inverting the vial 
and lightly tapping. There can be no air lbubbles 
entrapped in the sample. If bubbles are present, 
uncap the vial, empty the contents, and repeat 
steps 9.3 through 9.7. 

10. Sample F-tion Ihocedure 

10.1 Collect samples requiring filtration after 
unfiltered samples. If a pump is used', connect an 
in-line membrane filter directly to the pump outlet 
to filter the sample. If a bailer is used, connect 
the filter to the portable pump and pump the 
sample from the bailer or a dean sample b&tle. 

10.2 Start the pump and discard the first 
100 mL of sample to flush the filter. 

10.3 Place the sample bottle directly under the 
filter outlet and fill to the desired volume. 

10.4 Preserve the sample (if not pre-preserved), 
as required. 

10.5 Stop the pump, and1 disconnect the filter. 

10.6 Discard the used filter after each sample. If 
a filter holder is used, clean all surfaces of the 
filter holder with distilled water and wipe dry with 
a lit-free tissue. 

10.7 If a filter holder is used, place a new filter in 
the holder and reassemble. 

11. Sample Presenmtion Guidelines 

11.1 Samples are preserved by a variety of 
means to stabilize specific parameters so that the 
samples can be shipped to a laboratory for 
analysis. Preservatives are intended1 to (1) retard 
biological effects, (2) retard hydrolysis, (3) reduce 
sorption effects, and (4) reduce volatility of 
constituents. 

1 1.2 Preservation methods are generally limited 
to pH control, chemical addition, refrigeration, 

, 

L 1  
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and protection from light. The following 
guidelines shall be considered during sample 
preservation. 

11.2.1 IPreservation of samples uses a variety of 
strong acids and bases. Care shall be taken in 
their storage and use; see section 2. 

11.2.2 Preserve samples prior to or as soon 
after collection as possible. 

11.2.3 Take care not to cross-contaminate 
samples with preservatives. 

11 2.4 Place samples requiring cooling to 4 "C 
in an ice chest with ice immediately after 
collection. 

11.2.5 Consult Table 1 or the planning 
documents for recommended sample 
preservation techniques for each parameter. 
Generally, the laboratory performing the analysis 
will determine the bottle type, volume, and1 
preservative to be used for a particular sampling 
event. 

12. Quality Assurance 

12.1 In the sample ticket book (Figure 1) or 
Water Sampling Field Data Sheet (Figures 2a 
and 2b), record the following information about 
the sample collection, filtration, and preservation 
for quality-assurance documentation. 

12.1.1 The number and type of filter used for 
filtration. 

12.1.2 The bottle size, lbottle type, and number 
of samples collected. 

12.1.3 The type of sample filtration, if any. 

12.1.4 The preservative used. 

12.1.5 The name of the person performing the 
sampling. 

113. Keywords 

13.1 ;Bottles, collection, filtration, liquid samples, 
organics, and ,preservation 
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Procedure Tiik: Standard Practice for Inspection and1 Maintenance of Groundwater Monitoring 
Wells, fLQ-l8(P)], Rev. 1,6/92 0 

Requester: Tim Bartlett, Field Supervisor 

Justificiationa: The Well Maintenance Checklist form has been revised to allow multiple 
inspections and water-level measurements. An electronic data entry device has been purchased 
for project use. Subsurfbce inspection of inactive wells is not required because redevelopment of 
an idle well is not appropriate. I fa  well is changed fiom inactive to active status, the total depth 
will be measured and the redevelopment criteria will apply. 

Proposed Change: Sections 5. I and 6.2. I - The Well Maintenance Checklist is replaced by the 
Water Level and Well Maintenance Data Sheet (attached) in the Water Sampling Field Data book. 
Section 6.2. I - Inspection information will be entered into an electronic hand-held data entry 
device. The Water Level and Well Maintenance Data Sheet will be used as a back-up methodl for 
data entry. Section 6.2.3 - Total depths will be measured only on active wells (wells that are 
sampled or have water level measured). Wells with dedicated pump installations will not have 
total depth measured. 
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MOWICELILQ WELL MAINTENANCE DATA SHEET 

Well Identification 

Measuring Point 

Reported Depth 

N. E. 

IMeasuHing Point Elevation 

Dedicatedl Pump IInstanled 

Surface Compoacnts Inspcaioo: S - Satisfactory 
D - Dcticimt 
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Standard Practice for the Inspection and Maintenance 
Of Groundwater onitoring Wells 

htro duction 
Groundwater monitoring wells are commonly used for obtaining groundwater samples, 

groundwater elevation measurements, and aquifer hydraulic parameters. Because of natural 
processes and human activities, the condition of groundwater monitoring wells may 
deteriorate with time. If the deterioration of a particular monitoring well is not documented 
and corrected, decisions based upon data collected from that well may be adversely 
affected. This procedure provides a standard practice for maintaining a record of the 
condition of a well and remediating wells that have deteriorated. 

1. Scope 

tice for conducting routine inspections of ground- 
water monitoring wells. The procedure also 
provides criteria to use in determining if and when 
a monitoring well should receive corrective mainte- 
nance. Corrective maintenance activities are based 
on the results of the routine inspections. Lastly, 
this procedure describes the standard practices for 
conducting well maintenance. Well maintenance 
includes correcting deficiencies in the surface com- 
ponents of the weU and redeveloping the well. 

1.2 This procedure shaI1 be applied only to 
groundwater monitoring wells. Groundwater pro- 
duction wells, used for water supply, are beyond 
the scope of this procedure. Because of the limita- 
tions associated with the redevelopment methods 
described in this procedure, the redevelopment sec- 
tion is not applicable to wells exceeding 6 inches in 
diameter. This procedure shall not be applied to 
multi-port, single-string monitoring wells. 

1.1 This procedure describes the standard prac- 

1.3 This procedure shall be executed by a desig- 
nated well-maintenance technician on all monitor- 
ing wells under the control of Geotech. At the 
discretion of the Project IManager and appropriate 
regulatory agencies, inactive monitoring wells may 
be excluded from redevelopment activities. This 
procedure should be performed quarterly, unless 
the Project Manager specifies a different frequency. 
At the discretion of the Project Manager, the proce- 
dure may be implemented in conjunction with rou- 
tine groundwater sampling and data collection 
activities. In such a case, the inspection portion of 
the procedure shall be conducted prior to ground- 
water sampling and other data collection activities. 
All well-maintenance activities shall be conducted 
after groundwater sampling activities to eliminate 

the potential for contaminating samples or altering 
the chemistry of groundwater samples. 

2. Hazard Analysis 
2.1 This procedure may involve the use of 

methanol for decontaminating water-level meas- 
urement devices and well redevelopment equip- 
ment. Methanol is a Department of Transportation 
(DOTI-regulated material; the DOT hazard class 
is Flammable Liquid. Methanol is also an Occupa- 
tional Safety and Health Administration 
(OSHAMsted toxic and hazardous substance. 
Avoid eye and skin contact by wearing indirectly 
vented chemical goggles and disposable nitrile 
gloves. Avoid breathing vapors. Use only in 
welml-ven tiilated areas. Keep away from heat, 
sparks, and flames. 

2.2 Monitoring wells that penetrate contami- 
nated subsurface environments may contain toxic 
or hazardous vapors at pressures exceeding atmos- 
pheric pressure. These vapors can be expelled from 
the well bore when the riser cap is removed. If a 
well penetrates highly contaminated subsurface 
materials or groundwater, the off-gassing of va- 
pors could continue for an extended period of 
time. If previous air-monitoring data have shown 
that the concentration of organic vapors exceeds 
the action llevel specified in the project Health 
and Safety Plan, respirators with combination 
organic/particulate cartridges shall be worn prior 
to the opening of the well. The respirators shall 
continue to be worn throughout the rest of the pro- 
cedure or until current air-monitoring data indi- 
cate organic vapor concentrations have dropped 
below the action level. For all other wells, stand u p  
wind of the well when removing the riser cap and 
performing inspection and maintenance activities. 
Allow the well riser to ventilate for 5 minutes after 
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opening before initiating inspection and mainte- 
nance activities. If the degree of contamination at 
the well site is unknown, or if the well has never 
been monitored for vapors by Geotech personnel, 
the air in the well bore shall be checked for the 
presence of volatile organic vapors prior to continu- 
ing with the procedure. Use a calibrated organic va- 
por analyzer (OVA) or photoionization detector 
(PID) to measure the total concentration of organic 
vapors. If the concentration indicated on the OVA 
(or PID) exceeds the action level specified in the 
project Health and Safety Plan, allow off-gassing to 
continue until the OVA (or PID) indicates that the 
concentration has dropped below the action level. 
If the concentration continues to exceed the action 
level, respirators with combination organic/ 
particulate cartridges shall be worn during the in- 
spection and maintenance procedure. 

pressed nitrogen gas for redeveloping monitoring 
wells. Compressed nitrogen is supplied in steel 
tanks and injected into the well through a regula- 
tor, a flexible hose, and a series of threaded polyvi- 
nyl chloride (PVC) pipes. Improper use of 
equipment or failure of equipment could cause an 
explosive rupture of the redevelopment apparatus. 
Safety glasses, a hard hat, and steel-toed safety 
shoes shall be worn at all times when using a com- 
pressed nitrogen apparatus for the redevelopment 
of monitoring wells. Because the valve on a com- 
pressed nitrogen bottle is susceptible to breakage, 
the valve cover shall be screwed tightly in place 
during transport in vehicles, transport on hand 
trucks, or manual transport by well maintenance 
personnel. Additionally, the line pressure set on 
the regulator shall not be set in excess of 50 percent 
of the minimum-rated bursting pressure of either 
the flexible hose or the PVC pipe. 

2.3 This procedure may involve the use of com- 

3. Referenced Document 

3.1 Geotech, Eiiviroiimental Procedures Catalog 
(Manual 116): 

Standard Test Method for the Measurement 
of Water Levels in Groundwater Monitoring 
Wells [LQ-2(T)I. 

4. Significance and Use 
4.1 Significnnce -Application of this practice 

will prevent most forms of degradation in monitor- 
ing wells. Application of this procedure will pre- 
vent the undetected contamination of monitoring 

wells by infiltrating surface water and ensure a 
long service life for monitoring well installations. 

4.2 Use -This procedure shall be used to 
(1) maintain an ongoing permanent record that 
documents the condition of groundwater monitor- 
ing wells, (2) identify when monitoring wells 
require maintenance, and (3) specify the proce- 
dures that shall be used to conduct monitoring- 
well maintenance. The procedure shall be 
implemented on a quarterly basis by a well- 
maintenance techniaan. Each time the inspection 
portion of the procedure is executed, the Well 
Maintenance Checklist (Figure 1) shall be com- 
pleted and filed in the Project Well Maintenance 
File by the well-maintenance technician. At the dis- 
cretion of the Project Manager, the procedure may 
be implemented more or less frequently, and the 
procedure may be executed by a groundwater sam- 
pling team. If the procedure is executed by a sam- 
pling team, the inspection portion of the procedure 
shall be performed prior to sampling a well. Any 
required maintenance activities shall be performed 
after sampling a well. This procedure shall not be 
applied to water-supply wells. Application of this 
procedure shall be limited to monitoring wells 
6 inches in diameter or less. 

5. Apparatus 

5.1 Well Maintenance Checklist (Figure 1). 

5.2 Electric water-level sounder. 

5.3 Interface probe (optional). 

5.4 Calibrated organic vapor analyzer or photo- 
ionization detector (optional). 

5.5 Safety glasses. 

5.6 Indirectly vented chemical goggles. 

5.7 Nitrile gloves. 

5.8 Respirator with combination organidpar- 

5.9 S?eel-toed safety shoes. 

t i d a t e  cartridges. 

5.10 Hard hat (optional). 

5.11 Laboratory-grade methanol in a squeeze 
wash bottle or pump spray canister. 

5.12 Alconox or equivalent. 

5.13 Distilled or deionized water in a squeeze 

5.14 Kimwipe or equivalent lint-free tissue.' 

wash bottle or pump spray canister. 
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Well Maintenance Checklist 
Site Identification Well Number 

Date Field Technician 
Surface Components Inspection (circle one) Action Requiremaken 

Lock Working Yes No 

Cap on Surface Casing Present Yes No 

Surface Casing Intact Yes No 

Riser Cap Present Yes No 

Guard Posts Adequately Painted 
for High Visibility Yes No 

Concrete Surface Pad Present Yes No Intact Yes No 

Well Clearly and Correctly Numbered Yes No 

Organic Vapor Monitoring Conducted Yes No 

Subsurface Inspection 
Upper or Single Middle Lower 

Completion Completion Completion 
Reported Depth of Well 
(below top of casing) 

Reported Bottom of 
Screened Interval 
(below top of casing) 

Static Depth to LNAPL 
(below top of casing) 

Static Depth to Water 
(below top of casing) 

Static Depth to DNAPL 
(below top of casing) 

Redevelop if measured well depth is less than or equal to depth of bottom of screened interval. 
Redevelopment Conducted Yes No Methodused 

CommentslRecommendatons 

Completed by Verified 'by 

Figure I. Well Maintenance Checklist 

5.15 Measuring tape with engineering scale (re- 
quired if graduations on water-level sounder or in- 8 terface probe are greater than 0.01 foot). 

5.16 Compressed-nitrogen tank (required when 

5.17 Compressed-gas regulator (required when 

using compressed nitrogen). 

using compressed nitrogen). 
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5.18 Nitrogen-jetting weBhead apparatus (re- 
quired when using compressed nitrogen). 

5.19 Flexible compressed-gas transmission hose 
(required when using compressed nitrogen). 

5.20 Threaded PVC pipe (required when using 
compressed nitrogen). 

5.21 Jetting-T (required when using com- 

5.22 Submersible pump (optional). 

5.23 Suction-lift pump (optional). 

5.24 Surge block (optional). 

5.25 PVC hose (optional). 

5.26 Foot valve (optional). 

pressed nitrogen). 

5.27 High-visibility spray paint. 

5.28 Steel stamp (for numbering wells). 

5.29 Black permanent marking pen. 

5.30 Black ink pen. 

5.31 Well-location map. 

6. Procedures 

6.1 This procedure is composed of three sec- 
tions: Section 6.2, Inspection and Documentation; 
Section 6.3, Maintenance Criteria and Corrective 
Action; and 6.4, Redevelopment Procedures. 

6.2 Inspection nnd Documentation 

6.2.1 Each item on the Well Maintenance Check- 
llist shaB be completed as the inspection is con- 
ducted. Corrective action to eliminate deficient 
aspects of a well installation is described in section 
6.3. For multi-completion monitoring wells 
(multiple-well casings in a single borehole), a sin- 
gle Well Maintenance Checklist shall be completed 
for a group of completions in a common borehole. 

6.2.2 Surfnce Conzponents Inspection -The first 
step of the inspection is to inspect the above- 
ground components of a monitoring-well installa- 
tion. Some surface components identified in this 
section of the procedure are optional and will not 
be required at each well installation. An example is 
guard posts. The Project Manager and well- 
maintenance technician shall determine which 
components are required. 

6.2.1.1 Check for presence of a lid on the steel 
security casing. If damaged, describe damage in 
“Comments / Recomrnenda tions” section of the 
Well Maintenance Checklist. 

6.2.1.2 Check the lock on the steel security 
casing for proper operation. 

6.2.1.3 Inspect the steel security casing for dam- 
age. If a drain or vent hole is present in the security 
casing, check to ensure that it is not plugged with 
debris. Clean the hole if necessary. 

62.1.4 Check for presence of a casing-riser cap. 
If the well is a flush-mount well, note whether the 
casing-riser cap is a water-tight cap, slip-on cap, or 
a threaded cap. 

6.2.1.5 Inspect the casing riser for damage. No 
contamination should be able to enter the well 
through openings in the side of the casing riser. 
Note that some casing risers have a “weep“ hole 
drilled just below the riser cap. This hole allows air 
pressure in the well to equilibrate with atmos- 
pheric pressure as water levels or the atmospheric 
pressure fluctuates. This weep hole should not be 
closed. If the well is a flush-mount installation and 
the riser has a weep hole, note this fact in the 
“Comments/Recommendations” section of the 
Well Maintenance Checklist. Weep holes are gener- 
ally not recommended for flush-mount wells as 
they permit liquids to enter the well if the flush- 
mount vault becomes flooded. Weep holes in the 
risers of flush-mount wells are permissible if the 
vault of the flush-mount installation has been in- 
stalled to permit drainage from the vault or the 
vault has a water-tight cover. 

6.2.1.6 Check for the presence of guard posts. 
If present, note whether guard posts are ade- 
quately painted for high visibility. If guard posts 
are not present, note this on the Well Maintenance 
Checklist. 

6.2.1.7 Check for the presence of a concrete sur- 
face pad surrounding the security casing. If the con- 
crete surface pad is absent or damaged, note this 
information on the Well Maintenance Checklist. 

tion to determine if it is clearly marked and in 
agreement with the well location map. 

6.2.2 Subsrirfnce Inspection -The second step of 
the inspection is to determine the subsurface condi- 
tion of the well. This includes measuring the depth 

6.2.1.8 Check the well number or well identifica- 
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to water and the depth to the bottom of the well. 
The measured depth to the bottom of the well, 
when compared to the recorded well depth and 
screened interval depth, will indicate the amount 
of sediment in the well. If sediment has accumu- 
lated to a level above the bottom of the screened in- 
terval, the well should be redeveloped. If a well is 
located near storage tanks or transmission lines 
that contain fuels, solvents, or other immiscible or- 
ganic liquids, liquid levels in wells should be meas- 
ured with an interface probe that is capable 
of detecting light non-aqueous-phase liquids 
(LNAPLs or floaters), water, and dense 
non-aqueous-phase liquids (DNAPLs or sinkers). 
The procedure for measuring liquid levels in wells 
is described in Standard Test Method for the 
Measurement of Water Levels in Groundwater 
Monitoring Wells [LQ-2(T)I. Nitrile gloves should 
be worn when conducting the subsurface inspec- 
tion on wells with organic contaminants in the 
groundwater. 

6.2.2.1 Record the reported depth of the well on 
the checklist (this can be done prior to departing 
for a field site). The depth should be recorded to 
the nearest 0.01 foot below the top of the casing. 

of the screened interval (this can be done prior to 
departing for a field site). The depth should be re- 
corded to the nearest 0.01 foot below the top of 
the casing. 

6.2.2.2 Record the reported depth to the bottom 

6.2.2.3 If previous air-monitoring data have 
shown organic vapor concentrations that exceed ac- 
tion llevels specified in the project Health and 
Safety Plan, respirators with combination 
organic/particuilate cartridges shall be worn dur- 
ing the procedure. If the well head has never been 
monitored for organic vapors, or if there are other 
reasons to suspect severe organic chemical con- 
tamination in the subsurface near the well, the off- 
gases escaping from the well head should be 
monitored with an OVA or PID prior to making 
measurements. In such a case, the OVA or PID 
shall be calibrated each day prior to use. The 
casing-riser cap shall be removed and the well al- 
lowed to ventilate for 5 minutes. If the well is a 
flush-mount installa tion, all water standing in the 
vault shall be bailed prior to removing the riser 
cap. Place the intake nozzle of the OVA or PID just 
inside the well bore. Note the reading on the check- 
list. If the reading exceeds the action level specified 

in the project Health and Safety Plan, allow the 
well head1 to continue off-gassing for several min- 
utes and then repeat the OVA or PID measure- 
ment. Record the reading on the checklist. Once 
the OVA or PID indicates the concentration is less 
than the action level, proceed with the inspection 
procedure. If the organic vapor concentration does 
not drop below the action level, respirators with 
combination organic/particula te cartridges shall 
be worn for the remainder of work performed at 
the well. If the air contained in the well bore is 
known to contain no toxic vapors, no OVA or PID 
measurement is required. 

face probe prior to inserting in the well, following 
the procedure presented in Standard Test Method 
for the Measurement of Water Levels in Ground- 
water Monitoring Wells [LQ-2n)l. 

6.2.2.5 Measure the depth to water to the near- 
est 0.01 foot and record on the checklist. The depth 
shall be measured from the top of the casing riser; 
see Standard Test Method for the Measurement of 
Water Levels in Groundwater Monitoring Wells 
[LQ-2cT)J. If the well ha5 contained NAPLs in the 
past, if it is located near NAPL storage or transmis- 
sion equipment, or if the OVA or PID reading was 
unusually high, an interface probe should be used 
to measure an LNAPL-air interface depth, an 
LNAPL-water interface depth, and a water- 
DNAPL interface depth. On the Well Maintenance 
Checklist record the depth to the air-LNAPL 
interface after "Static Depth to LNAPL," record 
the depth to the LNAPL-water interface after , 

"Static Depth to Water," and record the depth 
to the water-DNAPL interface after "Static Depth 
to DNAPL." 

gently lowering the probe to the bottom of the 
well. After the probe reaches the well bottom, 
slowly raise and lower it several times to accu- 
rately determine the depth to the top of any sedi- 
ment column that may have accumulated in the 
well. Record the depth to the nearest 0.01 foot on 
the Well Maintenance Checklist. 

62.2.4 Clean the water-level sounder or inter- 

6.2.2.6 Measure the total depth of the well by 

6.2.2.7 Use lint-free tissue, methanol (if organic 
contaminants are known or suspected to be p r e  
sent in the groundwater), and1 distilled or deion- 
ized water to clean the cable as it is removed from 
the well. The cable should first be cleaned with 
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methanol (if necessary), followed by deionized or 
distilled water. When the probe is removed from 
the well, rinse it first with methanol (if necessary), 
then deionized or distilled water. Wipe the probe 
dry with a lint-free tissue. If non-aqueous-phase liq- 
uids are present in a well, the cable and probe 
shodd be deaned with Alconox (or equivalent) 
prior to cleaning with methanol and deionized 
water. During decontamination, care should be 
taken to prevent methanol or wash water from 
dripping into the well. 

6.3 Maintenance Criteria and Corrective Action 
63.1 This section describes criteria used to 

evaluate the conformance or nonconformance as- 
pects of each component of the well inspection. For 
each nonconformance criteria, a corrective action is 
described. Whenever possible, corrective action 
should be implemented during the same field trip 
during which a nonconformance aspect was identi- 
fied). Any corrective action taken should be noted 
on the Well Maintenance Checklist. 

6.3.2 If the lid on the security casing is missing 
or damaged to the point of permitting access to the 
well, arrange a temporary cover, if possible, and 
make arrangements to have a new lid fixed to the 
security casing (commonly by welding). 

6.3.3 If the lock on the steel security casing is 
missing, it should be replaced. If all monitoring- 
well locks currently in use at a site are keyed identi- 
cally, a similarly keyed lock should be used to 
replace a missing one. However, if a lock of the 
same key type as  other security casing locks is not 
immediately available, any strong lock should be 
installed for temporary well protection. In such a 
case, note the need for a new lock on the checklist. 
If a lock has become difficult to operate because of 
exposure, two or three drops of lubricant should 
be added to the tumbler assembly. Do not over- 
Iubricate or use sprays as these actions will give 
rise to contamination of the well or sampling 
equipment that will be used at the well in the fu- 
ture. Note all corrective action on the checklist. 

6.3.4 If the entire steel security casing is miss- 
ing, make arrangements to replace it. The bottom 
of the security casing should be set 3 feet below the 
ground surface in concrete. The concrete should ex- 
tend to the surface and be sloped away from the 
well. Repairs should be made if the security casing 
is in place but is damaged and allows liquids to 

drain into the annular space around the well cas- 
ing or is preventing proper access to the well. If re- 
pairs cannot be made, the need for these should be 
noted on the checklist. 

6.3.5 If the casing-riser cap is missing, replace it. 
If the well is not a flush-mount well and the casing 
riser does not have a small drilled hole just below 
the cap, the riser cap should not be installed in an 
air-tight manner. If the well is a flush-mount well, 
the riser cap should be a water-tight cap. The 
water-tight cap should be installed securely in the 
well to prevent liquids that collect in the vault 
from entering the well casing. Flush-mount wells 
with vaults that permit drainage from the vault or 
those with water-tight vault lids do not need water- 
tight riser caps. 

6.3.6 If the casing riser is damaged to the extent 
that standing liquids inside the security casing can 
enter the well, the damaged section should be cut 
off below the point of breakage. A new section of 
casing riser should then be tapped to accept a ta- 
pered stainless-steel male/male threaded pipe cou- 
pling. The top of the cut casing is then also tapped, 
and the coupling is wrapped with Teflon pipe 
tape. The coupling is then screwed into the new 
riser extension, and this assembly is screwed into 
the top of the cut casing riser. The new riser should 
have a weep hole drilled in it just below the cap to 
aUow air pressure equilibration within the well 
bore. Care should be taken to ensure that the new 
casing riser is fitted with a casing-riser cap. This 
corrective action should be noted on the checklist 
and the well should be scheduled for a new 
elevation survey. 

6.3.7 If the well is not a flush-mount installation 
and is in a location subject to equipment or vehicle 
traffic, guard posts should be present. If guard 
posts are not present but are needed, make arrange- 
ments for installation as soon as possible. To be ef- 
fective, three guard posts should be installed in the 
shape of an equilateral triangle centered at the well 
with each post 2 to 3 feet from the well. The guard 
posts should be painted with a highly visible paint, 
such as Day-Glo orange or safety yellow. Approval I 
of the manager of the site should be obtained prior 
to installing and painting guard posts. 

6.3.8 If the concrete surface pad is damaged or 
is missing, a new concrete surface pad should be in- 
stalled or arrangements should be made for the in- 
stallation of a concrete surface pad. The pad 

6 Environmental Procedures Catalog 



LQ-lS(P) 
6/92 Rev. 1 

should extend 1 foot below the ground surface and 
3 feet horizontally from the security casing. The 
pad should be sloped away from the well. 

with a well identification label, or if the number on 
the well does not match the well location map, a 
correct well identification number must be marked 
on the well. First, the correct well identification 
must be conclusively determined. This can be done 
by (1) consulting the well location map, if it has 
been certified to be correct; (2) consulting original 
field logs and completion records relating to the 
well's installation; and (3) consulting llogs from 
other previous field activities such as sampling, 
episodes, and water-level measurements. Project 
personnel may also be interviewed in an effort to 
establish well identification. Once the identity of 
the well has been conclusively established, the well 
shouqd be lzbeled r\*ith this number using a perma- 
nent methodl. Stamping the well identifier into the 
steel security casing with a steel stamp is recom- 
mended. The identifier should be stamped in the 
lid on the security casing and on the security cas- 
ing itself, just below the lock. The identifier should 
also be written on the bottom-side of the security 
casing lid using a permanent ink pen. Multiple- 
completion wells should have the top of each riser 
cap marked with a letter designating the comple- 
tion, such as "U" and "L" for "upper" and 
"lower," respectively. The casing risers in a 
multiple-completion well should then be marked 
in a similar manner. Take care to ensure that the la- 
bel on the casing riser is below the position occu- 
pied by the cap or the weep hole, if present. 

6.3.9 If the well is not numbered or marked 

' 

6.4 Redeveloyrtient Procedures 

6.4.1 Monitoring wells shall be redeveloped if 
the well-inspection procedure indicates that exces- 
sive sedimentation is occurring, if the capacity of 
the well appears to lhave significantly declined 
during the course of a sampling program, if there 
is evidence of screen encrustation or clogging by 
iron bacteria, or if the well is simply scheduled for 
regular redevelopment. 

6.4.2 Possible redevelopment techniques in- 
clude (1) compressed-nitrogen-jetting and air-lift 
,pumping, (2) surge-blocking and pumping or bail- 
ing, (3) suction-lift pumping, (4) submersible 
pumping, and (5) foot-valve pumping. 

6.4.3 Successfull redevelopment requires that 
water be forced from the casing into the formation, 
and from the formation into the casing. This is best 

accomplished through the use of a surge block. 
Compressed-nitrogen jetting can also accomplish 
this flow reversal to some extent. Techniques 3,4, 
and 5 (above) are not effective in achieving flow re- 
versal and are, therefore, best used in conjunction 
with nitrogen jetting or surge Iblocking. 

ment in a monitoring well, the equipment shall be 
cleaned by washing with soapy water (Alconox or 
equivalent), rinsing with methanol followed by 
deionized water, and wiping dry with a lint-free 
tissue. After removing redevelopment equipment 
from a well, the equipment shall be cleaned again. 
Methanol should only be used for cleaning after re- 
development if organic contamination is suspected 
or known to be present in the well. Alconox should 
only be used if the well is suspected or known to 
contain non-aqueous-phase liquids (fuels and/ 
or solvents). 

6.4.4 Prior to placing any redevelopment equip- 

6.4.5 Nitrogen-Jetting Redevelopment Procedure 

6.4.5.1 If site conditions require that purge 
water from the well be contained, a discharge- 
control apparatus should be installed on the well 
riser. This apparatus typically consists of a 
compression-sleeve coupling with a discharge port 
that is connected to the well riser. A compression- 
type seal for the jetting pipe is rigged at the top of 
the discharge-control apparatus. Even if site regula- 
tions do not require discharge water to be collected 
and stored, a discharge-control apparatus should 
be used at sites that may have contaminated 
groundwater. Use of the discharge-control appara- 
tus will prevent the splashing of discharge water 
on well-maintenance technicians. 

6.4.5.2 A jetting-T is connected to a series of 
PVC pipes (the jetting pipe) and lowered to the top 
of the screened interval. The top of the jetting pipe 
is then connected to a compressed nitrogen source 
via a flexible compressed gas transmission hose. 
The flexible hose is connected to a two-stage regu- 
lator on the nitrogen source. The first stage of the 
regulator displays the pressure in the nitrogen 
tank. The second stage displays the pressure at the 
flexible hose when the regulator is opened. To pre- 
vent injury caused by the nitrogen tank falling 
over, the tank must be either secured in an upright 
position with a chain or placed on its side and se- 
cured by wheel chocks. 

maximum of 60 pounds per square inch (psi). Jet 
the well screen by quickly opening the line valve, 

6.4.5.3 Set the line pressure on the regulator at a 
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allowing the water to rise in the well, and then dos- 
ing the line valve. As air (or nitrogen) escapes from 
the water column, the water in the well will fall 
back to near static levels and give rise to a flow re- 
versal from the well into the formation. This 
pulsed jetting should be repeated for the entire 
length of screened interval by lowering the jetting 
pipe in small increments. The pulsed jetting will 
loosen sediment from the screen, the fiIter pack, 
and the well bottom. 

6.4.5.4 As material is loosened during the 
pulsed jetting, the well should be air-lift pumped 
to remove the dislodged sediment. Air-lift pump- 
in$ is accomplished by slowly but steadily opening 
the line valve. This will discharge nitrogen into the 
water column within the well. The water will rise 
in the well as the nitrogen is introduced and 
expands. If the water level reaches the top of the 
well befor? the injected nitrogen reaches the top of 
the water column, “successful” air-lift pumping 
will OCCUT. Air-lift pumping can continue as long 
as water is entering the well at a fast enough rate to 
maintain an aerated water column that extends to 
the top of the well. 

over the length of the well screen and air-lift pump- 
ing at least once. If the capacity of the well is not re- 
turned to nearsriginal levels, or if the clarity of the 
well water fails to improve after the second cycle, 
the nitrogen-jetting redevelopment process shall be 
continued until the capacity of the well1 and the 
clarity of the water cease to improve. 

6.4.6 Surge-Blocking Redezeloynrent Procedure 

6.4.6.1 Lower the surge block into the well to a 
position below the water level in the we11 but 
above the top of the screened interval, if possible. 
Surging action should be initiated very gently to 
loosen obstructing sediment. As the circulation im- 
proves during the redevelopment, more vigorous 
surging should be undertaken. 

6.4.6.2 After operating the surge block over 
a given depth for several minutes, lower it to 
the next interval and repeat the surging action. 
This process should be repeated until surge 
blocking has been conducted over the entire 
screened interval. 

6.4.6.3 After surge-blocking the entire screened 
interval, the surge block should be removed. Install 

6.4.5.5 Repeat the combination of pulsed jetting 

a suction-lift pump intake and a submersible 
pump or a foot-valve pump, and pump water from 
the well to remove the dislodgedl sediment. An ef- 
fort should be made to pump accumulated sedi- 
ment from the bottom of the well. Pumping should 
continue until the discharged water is clear and 
several bore volumes have been removed. 

6.4.6.4 The process of surge blocking and then 
pumping should be repeated at least once. If the ca- 
pacity of the well1 is not restored to nearsriginal 
levels, or if the clarity of the well water fails to im- 
prove after only two surge-and-pump cycles, the 
complete process should be continued until the ca- 
pacity of the well and the clarity of the water cease 
to improve. 

6-4.7 Sziction-Lift Pzirnping 

6.4.7.1 Suction-lift pumping is most suitable to 
use in combination with either surge-blocking or 
nitrogen-jetting. When used with either of these 
techniques, suction-lift pumping is an effective 
means of removing suspended sediment particles 
and accumulated sediment that have collected at 
the bottom of a well. When used alone, suction-lift 
pumping is also capable of providing only limited 
improvement in the capacity of a well. 

bination with surging or jetting, the suction-lift 
pump should be used to remove any accumulated 
sediment from the bottom of the well. This should 
be done prior to surging or jetting. Subsequently, 
the suction-lift pump should be used after each 
surging or jetting cycle to remove loosened sedi: 
men t particles. Suction-lift pumping is conducted 
by simply installing the intake line in the well, con- 
necting it to the pump intake port, and turning on 
the pump. Suction-lift pumping should then con- 
tinue until the discharge water is clear. Suction-lift 
pumping can only be used if the depth to water is 
less than approximately 25 to 30 feet. 

6.4.7.3 When using suction-lift pumping as the 
sole means of development, “over-pumping” is 
used to remove entrapped sediment from the well 
screen, filter pack, and formation. For this ap- 
proach, the intake line is installed at the bottom of 
the well, and the well is pumped at its maximum 
rate for extended periods (in excess of 10 minutes) 
and then allowed to recover. The process is re- 
peated until maximum improvements in capacity 
and /or well-wa ter clarity have been achieved. 

6.4.7.2 When using suction-lift pumping in com- 
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6.4.8 Submersible Pumping 

6.4.8.1 Submersible pumps may also be used in 
conjunction with surging or jetting for well devel- 
opment. Submersible pumps are not as effective as 
suction-lift pumps for pumping water with large 
amounts of suspended sediment (particularly sand- 
size sediment). Additionally, submersible pumps 
cannot be used to pump accumulated sediment 
from the bottom of a well. For this reason, submers- 
ible pumping should not be used as the sole means 
of developing a well, as can be done when using a 
suction-lift pump. The sequence of surging or jet- 
ting and submersible pumping should continue un- 
til the capacity of the well and the clarity of the 
water cease to increase. 

6.4.S.2 When using a submersible pump in con- 
junction with surging or jetting, the pump should 
be installled after completion of each surging or jet- 
ting episode. To provide for maximum removal of 
suspended sediment, the submersible pump 
should be lowered to the bottom of the well on a 
suspension cable. For small pumps and shallow 
wells, the cable can be lowered by hand. For large 
pumps or deep wells, the weight of the pump and 
the discharge hose requires that a cable reel 
mounted on a tripod or vehicle be used for lower- 
ing and retrieving the pump. 

6.4.8.3 After the pump is lowered into position, 
the electrical cord should be connected to a power 
supply. Do not connect the electrical cord to the 
power supply until the pump is installed in the 
well. Some submersible pumps are not grounded 
and could electrocute an individual if the pump is 
touched while turned on. After turning on the 
pump, continue pumping until the discharge 
water is clear. 

6.4.8.4 After the discharge water becomes clear 
(or ceases to improve) and the pump is discon- 
nected hom the power supply, remove the pump 
by lifting or cranking up the suspension cable. The 
pump should never be removed by lifting or pull- 
ing on the electrical cord or the discharge hose. 

6.4.9 Foot-Valve Pumping 

6.4.9.1 A foot-valve pump is simply a length of 
semirigid hose or pipe with a foot valve attached 
to one end. A foot-valve pump uses the momen- 
tum of water contained in the “discharge line” to 
lift water from the well as the discharge line is r a p  
idly moved up and down. The foot valve on the 
bottom opens during the downstroke, allowing 

water to enter the discharge line. During the up- 
stroke, a spring in the valve, combined with the 
weight of the water, forces the valve closed. A foot- 
valve pump can be used in conjunction with surg- 
ing or jetting to remove entrapped sediment 
particles from a well. Foot-valve pumping is very 
effective for removing sand-size particles. The 
method is also very effective in removing accumu- 
lated sediment from the bottom of a well prior to 
initiating surging or jetting activity. 

6.4.92 When using a foot-valve pump in con- 
junction with surging or jetting, the sediment in 
the bottom of the well should be removed prior to 
initiating surging or jetting activities. Install the ’ 

foot-valve pump so that the lower end of the unit 
(the valve end) is at the bottom of the well. 
Commence pumping ‘by rapidly raising and 
lowering the discharge line. As the line fills with 
water, its weight will increase. For shallow wells, 
this operation of the pump can be accomplished 
manually. For deep wells, the weight of the dis- 
charge line will require a mechanical means of rais- 
ing and lowering the unit. Such mechanical 
devices typically consist of a specially made jack 
handle or a commercially made apparatus. 

6.4.9.3 Once the initial pumping effort begins to 
produce water, pumping should continue until the 
discharge water is clear. 

6.4.9.4 Surging or jetting should then be con- 
ducted, followed by another episode of foot-valve 
pumping. This sequence of steps shall be repeated 
until the capacity of the well and the clarity of the 
water cease to increase. 

7. Precision and Bias 

7.1 This standard practice presents guidelines 
for maintaining highquality monitoring-well in- 
stallations. Therefore, statements regarding preci- 
sion and bias are not applicable, except in the 
context of such statements that might be included 
in Standard Test Method for the Measurement of 
Water Levels in Groundwater Monitoring Wells 
[LQ-Z(T)J. 

8. Quality Assurance 

8.1 To maintain quality control standards, the 
Well Maintenance Checklist must be completed for 
each well that undergoes inspection and mainte- 
nance. The checklist must be signed by the person 
completing the checklist. The checklist should then 
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be reviewed for correctness and completeness by 
the assistant weU-maintenance technician. Any dis- 
crepancies should be corrected by the two well- 
maintenance technicians, and the assistant should 
sign the form as having verified the information. 
The checklist should then be filed in the Project 
Well Maintenance File. 

10 

9. Keywords 
9.1 Air-lift pumping, foot-valve pumping, 

monitoring well, nitrogen-jetting, submersible 
pumping, surge-blocking, well inspection, well- 
maintenance, and well redevelopment. 
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c Technical Comments on ASTM D 1889-88a 

Standard Best Method for Turbidity of Water 

Summary of ASTM D 1889-88a 

This test method describes the measurement of turbidity in water and wastewater 
discharges using two types of instrumentation. 

Additions Applicable to Operating Contractor and Its Subcontractors 
This addendum addresses specific procedures, equipment, and documentation 
requirements when using the HACH model 2100P portable turbidimeter to measure 
turbidity of ground water. 

The following sections shall be interpreted m conjunction with the current published version 
of this ASTM procedure. These sections shall be interpreted in numerical order, using the 
published version as the base document for reference. 

1. Scope 

rately measured using the HACH model 2100P 
portable turbidimeter. 

measured using the HAC34 model 2100P portable 
turbidimeter by serial dilution to below 1000 NTUs. 

1.2.1 Turbidities up to 1000 NTU can be accu- 

1.3.1 Turbidities greater than 1000 NTU may be 

2. Referenced Documents 

2.3 HACH Company Manual, Model 21 OOP 
Portable Turbidimeter Insfruction Manual, Loveland, 
CO, 1992. 

3. Terminology 

measure the turbidity of an aqueous sample. 
3.2.2 Turbidimeter-An instrument used to 

4. Significance and Use 

4.3 Turbidity measurements are used as indica- 
tors of the effectiveness of well-development activi- 
ties. Turbidity measurements also are used to 
determine when purging of a monitoring well is 
complete and ground water sampling can 
commence. 

8. Interferences 

8.3.1 Periodically apply a thin layer of silicone 
oil to the sample cell to mask minor-imperfections 
and scratches in the glass. 

9. Apparatus 

9 5  Portable turbidimeter: 

9.5.1 HACH model 2100P portable turbidimeter. 

9.5.2 Glass sample cells. 

9.53 Silicone oil. 

9.5.4 AEPA-I styrene/divynlbenzene polymer 
primary standard or Formazin primary calibration 
solution. 

95.5 Gelex secondary turbidity standards. 

9.5.6 Battery eliminator. 

9.5.7 Logbook 

9.5.8 Kimwipes or equivalent lint-& tissue. 

10. Reagents 

HACH 2100P turbimeter requires 0,20,100, and 
800 NTU solutions. 

10.3 Routine primary calibration of the 

11. Calibration 

11.1 A primary calibration of the turbidimeter 

11.21 Press the input/output (I/O) switch to 

must be conducted before each sampling event. 

tLm the power on. 

11.22 Fill a clean sample cell with the same di- 
lution water used to prepare the standards, or the 
0 NTU standard. 
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11.24 Close the lid and press the CAL key fol- 
lowed by the READ key. The turbidimeter will 
read the value of the dilution water or the 0 NTU 
standard and use this value to calculate a correc- 
tion factor for the 20 NTU standard. 

11.2.5.1 The display will automatically advance 
to the next standard and show "20 NTU." Remove 
the dilution water or 0 NTU solution sample from 
the cell compartment and replace it with a sample 
cell containing the 20 NTU standard (orientation 
marks should always lbe aligned). Press the 
READ key. 

11.2.6.1 The display will automatically advance 
to the next standard and show "100 W." Re- 
move the 20 NTU standard from the cell compart- 
ment and replace it with a sample cell containing 
the 100 NTU standard. Press the READ key. 

11.2.6.2 The display again will advance to the 
next standard and show "800 NTU." Remove the 
100 NTU standard from the cell compartment 
and replace it with a sample cell containing the 
800 NTU standard. Press the READ key. 

11.2.7.1 After the display reads "SO," press the 
CAL key to complete the calibration and store the 
calibration information within the electronics of 
the turbidimeter. 

12. Procedure 

standards. When using a HACH model 2100P port- 
able turbidimeter, the following steps replace 
section 12.1 found in the ASTM procedure. 

12.1.1 After every primary calibration, values 
must be assigned to the Gelex standards for use in 
operational checks. 

12.1.2 Clean the outside of the Gelex cells and 
apply a thin coating of silicone oil. 

12.1.3 Place each of the Gelex standards in the 
cell compartment with the orientation marks 
aligned and press the READ key. Record the dis- 
played value in the project logbook and mark the 
value on the cell above the band. 

meter must be operationally checked by placing 
the Gelex standards in the cell compartment and 
pressing the READ key. The displayed1 value 
must Ibe within 10 percent of the assigned Gelex 
value obtained during primary calibration. If the 

12.1 Operational check urith Gelex seconda y 

121.4 Before taking measurements, the turbidi- 

value falls outside the 10 percent criteria, a new pri- 
mary calibration must be performed. 

measured without dilution of the sample using the 
HACH model 2100P portable turbidimeter. 

1223.2 Apply a thin film of silicone oil to the 
sample cell and wipe with a Kimwipe. 

12.2.3.3 Place the sample cell in the instrument 
cell compartment with the orientation 
marks aligned. 

pressing the RANGE key. 

to change constantly, press the SIGNAL 
AVERAGE key. 

show the turbidity in NTU. Record the value as 
specified in the project planning documents. 

1222 Turbidities up to lo00 NTUs can be 

12.2.3.4 Select manual or automatic range by 

12235 If the sample causes the display 

1223.6 Press the READ key. The display will 

14. Precision and Bias 
14.6 Accuracy off 2 percent and a repeatability 

of kl percent, or f 0.01 NTU (whichever is greater) 
C M  be expected using the HACH model 2100P 
portable turbidimeter. 

15. Quality Assurance 

15.1 Documentation for quality-assurance 
purposes when making turbidity measurements 
includes the following information: 

15.1.1 Date and time of the primary calibration. 

15.1.2 Manufacturer, expiration date, and NTUs 
of the primary calibration standards. 

15.1.3 Values assigned to the Gelex secondary 
standards after the primary caliiration. 

15.1.4 Measurements of the Gelex standards 
prior to making the turbidity measurement. 

15.1.5 Date and time of the turbidity 
measurement. 

15.1.6 Measured sample turbidity. 

15.1.7 Instrument manufacturer, model, and 

15.1.8 Name of person performing the 

serial number of the turbidimeter. 

measurement. 
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16. Keywords 

ity, and turbidimeter. 

with skin and eyes; use adequate eye protection 
and disposable gloves. 

17.2 S i t e - s e c  controls are available in the 
planning documents for a particular project. 

16.1 Calibration, nephelometric, NTU, turbid- 

17. Hazard Analysis 
17.1 ?;his test method may use Fonnadn for the 

preparation of calibration standards. Avoid contact 
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Designation: D 1889 - 88a dm 
Standard Best Method for 
Turbidity of Water’ 

This standard h kued under the fixed designation D 1889; the number immediately following the designation indicates the yar of 
original adopuon or, in !he CIY of revidon, the yur of kl revision. A numkt in pucnthaa indicates the year of  hn reapprod. A 
supcncript @on ( a )  iadiaxes in editorial change since the kn revision or mppmnL 

This standard h a  bmr appmed for use by agencies of the Drponmcnt of L)@hse. C o d f  rhc DOD I n d u  of Spccilicotonr and 
Standards for ihc spec$c year of issue that hpr been adopied by the Depanmm of Ddme. 

1. Scope’ 
1.1 This test method covers the determination of turbidity 

in water and wastewater. 
1.2 This test method is applicable to the measurement of 

turbidities in the range from 0.05 to 40 nephelometric 
turbidity units (NTU). 

1.3 Higher turbidities may be measured using this test 
method by serial dilution to applicable range. 

1.4 This test method was tested on municipal drinking 
water and final emuent discharges. It is the user’s responsi- 
bility to ensure the validity of this test method for waters of 
untested matrices. 

1.5 This srandard may involve hazardom materials. oper- 
ations. and equipment. This standard does not purport to 
address all of rhe safety problems associated with its we. It is 
the responsibility qf the user ofthis standard to establish 
appropriate safety and health practices and determine the 
applicability qf regulatory limitations prior to use. For a 
specific carrtion statement, see Note 3. 

2. Referenced Documents 
2.1 AST-V Srmdards: 
D 1129 Definitions of Terms Relating to Ware? 
D 1192 Specification for Equipment for Sampling Water 

D 1193 Specification for Reagent W a t e i  
D2777 Practice for Determination of Precision and Bias 

of Applicable Methods of Committee D-19 on Wate i  
D 3370 Practices for Sampling W a t e i  
2.2 EP.4 Srandard: 
EPA 600/4-79-202 Methods for Chemical Analysis of 

and Steam’ 

Water and Wastes3 

3. Terminology 
3.1 Dejinirions-The terms turbidity, and nephelomerric 

turbidity ale defined in Definitions D 1129. For definitions 
of other terms used in this test method, refer to Definitions 
D 1129. 

3 2  Description of Term Specijic to This Standard: 

Thh tor melhcd is under the jurisdiction of ASTM Comminee D19 on 

Current edition approved June 24. 1988. Published September 1988. Originally 

a Annual Book of A S T M  Standards. Vol 1 1.0 I .  ’ Available from Environmental Protmion Agency, Environmental Moni- 

warn and are  he d i m  responsibility of Sukornmituc D19.07 on Sedimenu. 

Published as D 1889 - 61. k s r  previous edition D 1889 - 88. 

. bring and Suppon labontoy. Cincinnati. OH 45268. 

3.2.1 ru tb id i tpan  expression of the optical properties of 
a sample that causes light rays to be scattered and absorbed 
rather than transmitted in straight lines through the sample. 
(Turbidity of water is caused by the presence of suspended 
and dissolved matter such as clay, silt, finely dh’ded organic 
matter, plankton, other microscopic organisms, organic 
acids, and dyes.) 

4. Significance and Use 
4.1 Turbidity in water is caused by the presence of 

suspended and dissolved panicles of gas, liquid or solids of 
organic or inorganic matter. Turbidity is undesirable in 
drinking water, pIant effluent waters, water for food and 
beverage processing, and for a large number of other water- 
dependent manufacturing processes. Removal of suspended 
matter is accompiished by coagulation, settling. and filtra- 
tion. Measurement of turbidity provides a rzpid means of 
process control for when. how, and to what extent the water 
must be treated to meet specifications. Methodology for the 
correlation of a sample h i  to the number or volume of 
suspended particles is now under evaluation. Specific gravit: 
estimates would then give rapid NTU correlation to the 
weight concentration of suspended matter. 

4.2 This test method is suitable to low and medium 
turbidity such as that found in drinking water and process 
water. 

5. Summary of Test Method 
5.1 Xephelomeuic Turbidity: 
S. 1 - 1 Photoelectric Xephelometer-The photoelectric 

ne2helometer operation is based on instrumental compar- 
ison of the intensity of llight scattered by the contained static 
water sample under defined conditions to the intensity of 
light scattered by a reference standard in the sample con- 
tainer. The higher the intensity of scattered light, the higher 
the turbidity of sample. 

5.1.2 Calibrated Slit Turbidimeter-The calibrated slit 
turbidimeter operation is based on a visual comparison of 
the intensity of light scattered by the contained static water 
sample under defined conditions to the intensity of light 
scattered by a reference sample in the same container, the 
higher the intensity of scattered light the higher the turbidity 
of sample. 

5.11.3 Nephelometric Turbidity Standards: 

A Summary of Changes section appears at the end of this test method. 
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5.1.3.1 AEPA-I styrene/divhylbenrene polymer standard 
(see Section 2). These standards are used as received from the 
distributor: 

5.1.3.2 Formazin polymer preparation and dilution 
methods arc given in 10.22 to 10.2.4. 

6. Purity of Reagents 
- 6.1 Reagent grade chemicals shall be used in all tests. 
Unless othenvise indicated, it is intended that all reagents 
shaIl conform to the specifications of the Cornminee on 
Analytical Reagents of the American Chemical Society, 
where such specifications are available? Other grades may be 
used providing it is fim ascertained that the reagent is of 
sufficiently high purity to permit its use without lessening the 
accuracy of the determination. 

6.2 Unless otherwise indicated references to water shall be 
understood to mean reagent water conforming to reagent 
water Type I11 Specification D 1193. 

62.1 Standard dilution waters of Type In shall be pre- 
pared by filtration through a 0.2 to 0.22 pm membrane or 
other suitable filter uithin 1 h of use to reduce background 
turbidity to less than 0.05 NTU. 

7. Sampling and Sample Preservation 
7.1 Collecfion of Sample-Collect the sample in accord- 

ance with the applicable standard, Specification D 1192 and 
Practices D 3370 or EPA 600/4-79-202 for EPA compliance. 

7.2 Storage of Sample-Determine the turbidiq on the 
day the sample is taken. If t h i s  is not feasible, store the 
sample in the dark for up to 24 h and refrigerate at 4'C if 
possible. but do not freeze. Prolon_eed storage is not recom- 
mendedi because of irreversible changes. 

7.3 Preparation of Sample-Bring the sample to room 
temperature and shake sample vigorously for at least 1 min. 
Let the sample standi 2 to 3 min to allow air bubbles to 
disappear, then gently invert the sample several times or 
swirl mix before examination. 

8. Interferences 
8.1 Floating or suspended large panicles and entrained air 

bubbles uill give false or unstable readings. Certain turbulent 
motions also create unstable reading conditions of neph- 
elometers. 
82 Dissolved materidi'that imps a color to the water 

may cause serious errors in nephelometric reading unless the 
inmument has special compensating features. 
8.3 Scratches, finger marks, or dirt on the walls of the 

sample cell may give erroneous readings. Cells should be 
kept scrupulously clean both inside and outside and dis: 
carded when they become etched or-scratched. The 'ceJ.ls 
must not be handled where the light strikes.them when 
indexed in the iasvument well. 

NOTE I-The same h k x c d  all should k used firs for sun&& 
tion followed by unknown detcnnination. 
NOTE 2-Indexing of the sample cell or tuk to the instrument wen 

accomplished by placing a mark on the top of the %a; c t U  and a si- 
mark on the uppcrsurface of'* wll so that th+oAl CUI k placed in & 
well in an exact position each time. ' 

9. Apparatus 
' 9.1 Two types .of instruments an available for the  
nephelometric method, the photoeledc nephelometer and 
the calibrated dit turbidimeter (Figs. 1 and 2). Both give a 
geater precision and sensitivity than the Jackson candle 
turbidity, within their applicable range' from 0.05 to 40.4 
h i ,  to ranges as low as 0.05 to 1-00 NTU. 
9.2 The sensitivity of the instruments should permit 

detection of differences of 0.02 h?u or less in waters having 
turbidities of less than 1.00 NTU. The instrument should 
measure the ranges from 0.05 to 1 .OO h7lJ and 0.05 to 40.0 
hTu with the additional ranges from 0.05 to 0.10 and 0.05 
to 10.0 NIU if possible. Linear calibration cham should k 
made for each range used. Either of the two accepted 
standards, AEPA-I or Formazin, (10.21 or 10.2.2) can k 
used for this calibration. See 1 1.1 for calibration inmu- 
ments. - 9.3 Photoelectric Xephelometer: 
9.3.1 This instrument ilses a light source for illuminating 

the gmple and one or more photoelectric detectors with a 
readout device to indicate the intensity of light scattered at 
right angles (90') to the path of the incident light. The 
photoelectric nephelometer should be so designed that little 
stray light reaches the detector(s) in the absence of turbidity 
and should be fre: from significant drift afier a short 
uarm-up period. 

9-32  Differences 'in physical design of photoelectric 
nephelometers will cause differences in measured values for 
turbidity, as uilt agng of a turbidimeter, even though the 
same suspension is used for calibrations. To minimize initial 
differences, the following design criteria should be observed 
(see Fig. 1). 

- Light Pa?h 

0- L n r  

Light Exit 

FlG. .1 Photoelectric Nephelometer 
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NOTE-B-bulb 
1 4  
s-sa 
D-dla! 
P-calituated plate 
ST-sample ceU 
€--eye pece 
FS-hed dits 
L-kght pat& 

FIG. 2 Calibrated Slit Turbidimeter 

9.3.2.1 Light Source-Tungsten lamp operated at a color 
temperature between 2100 and 3000 K. 

9.3.1.2 Distance traversed by incident light and scattered 
light within the sample, total not to exceed 10 cm. 

9.3.2.3 Angle of Light Acceptance to the Detector-Cen- 
tered at 90' to the incident light path and not to exceed k30' 
from the 90' scatter path center line. 

9.3.3 The sample tube used in calibration and sample 
measurement must be the following: 

9.3.3.1 Clear, colorless glass, be kept scrupulously clean, 
both inside and out, and discarded when it becomes etched 
or scratched. 

9.3.3.2 Index marked so that repeated exact placements 
into the instrument cuvette well for measurement can be 
-de. 

9.3.3.3 Handled where the llight path does not pass during 
measurement. Provision should be made in design to give 
the tube a proper place in which to handle the tube during 
calibration or sample measurement prgedure. Instmment 
adsample  tube design criteria are given in EPA 6001 

-.  9.4 Calibrated Slit Turbidimeter: 
9.4.1 This instrument uses principles based on the 

TYndalb effect. A beam of light passing up through the 
ample is compared to the light scattered upward by sus- 
Pended particles in the turbid solution which has been 

479-202. 

illumi&cd, from the side at 20;. 
..9.42 As:showri in F& 2, light.from the bulb, B, is 
kffectea to'ill-inninate &e turbid splution ip the cell; T, from 
the iide. Light scancred upward by the suspend+ particles in 
the solution is seen through an eye piece as the outer ponion 
of a kircdar split field (aS in'FG 3): Light also passes through 
a dial operated adjustable'sli& S, and is reflected upward 
through the sample. In the eye piece this light is seen as the 
center circular field. Depending on the amount of light 
permined through the adjustable sliS the center field will 
appear higher or darker than the outer ponion, as sho-n in 
Fig 3(a) and 3(c). The operator turns the dial conuolling the 
slit until the entire field is of uniform brightness as shown in 
Fig. 3(b). Dial calibration cham should be based on at least 
five concentration levels, (across the 0.05 to 40 NTU range) 
of prepared AEPA-I or in-house fresh preparations and 
dilutions of Formazin. 40 NTU has been selected by EPA as 
the maximum concentration or turbidity that is the upper 
limit of linearity for measuring inmments even though 
there are some instruments that are linear above 40 h i .  

Son 3: Caunoa--Carc should k extrzsed if F o r m e n  standard- 
k u o n  is used as Formazin has a rapid u t h g  rate, 50 sample should k 
remixed at least cvcry 1s min. 

9.4.2.1 From this prepared chan slit did reading can be 
translated into NTU values. Prior to unknown water sample 
detennination, a singIe standard point determination should 
be made to check cell cleanliness and other instrument 
optics, such as lamp operation. 

9.4.2.2 Because the eye is used to detect the null-pojnt, the 
observer can compensate and disregard the presence of 
sample color and extraneous debris. 

10. Reagents 
10.1 Dilution and final rinsing water, see 6.2. 
10.2 Turbidity Standards: 
102.1 AEPA-I turbidity standards are prepared sealed 

stable suspensions of styrene &vinylbenzene which are 
opened and used as received from manufacturer. Note that 
all standard Fonnazin diluted concentrations of AEPA-I ere 
available from the manufacturer. 
N m  b S e a l c d  or solid sampla dl not standardize oephelomam 

for the turbiity measurement of mter or wanc. Tbac two methods 
(sealed or solid examples) neglect the zeroing out of sample tube 
(cuvene) prior to making water meanrrrment in the tube. 

. 10.2.2 Formazin Turbidiry Suspension, Stock (400 
NTU)-A stock turbidity suspension for Formarin polymer 
is prepared by reacting hydrazine sulfate With hexamethyl- 
enetetramine under carefully controlled conditions. (set 

10.2.2.11 Solution I--Disolvc 1.00 of hydrazine sulfate 
[(NH2)2H2SOi] in dilution water and dilute to mark in a 
1 OemL volumetric flask. 

EPA 600/4-79-202.) - 
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10.2.2.2 Solution 11-Dissolve 10.0 of hexamethyl- 
enetetramine (practical grade, ACS grade not available) in 
dilution water and dilute to mark in a 100-mL volumetric 
flask. 

10.2.2.3 Into a third 100-mL volumetric flask, pipet 5.00 
mL of Solution I and with a clean pipet add 5-00 mL of 
Solution 11. Mix the two solutions and allow to stand for 24 
h at 25 f 3'C. After reaction, dilute to mark with water and 
mix. The freshly mixed turbidity of this solution is 400 NN. 
This 400 NTU stock has to be prepared monthly. 

10.2.3 Fonnazin ' Turbidity Suspension, Standard (40 
h7&',J-Pipet 10.0 mL of mixed400 hTU'stock into a 
100-mL volumetric flask and dilute Gth water to rnark. The 
turbidity of this suspension is defined as 40 NTU. This 40 
N N  suspension has to be prepared weekly. 

1 0.2.4 Dilute Formcin Turbidity Suspension Standard- 
Prepare dilute turbidity suspension below 4.0 NTU daiIy. 
Those above 4.0 NTU have a useful life of one week. Prepare 
each dilution by pipetting the volume of 40 NTU into a 
100-mL volumemc flask and diluting to mark with water, so 
that 50.0 a L  of 40 NTU diluted to €00 mL is 20.0 hTU and 
10.0 mL of 40 NTU diluted to 100 mL is 4.00 NTU. 

10.2.4.1 To prepare diiute suspensions having turbidities 
of less than 1 .O use an appropriate volume of 4.0 h J  
suspension in a 100-mL volumetric flask and dilute to mark. 
Prepare dilutions below 4.0 h?u daily. 

11. Calibration 
1 1.1 Follow the manufacturer's operating instructions. 

Calibrate the instrument range of interest with standards (a 
AEPA-I and Formazin standards). If the instrument control 
dial, meter, or output digital reading is alnady in N N s ,  t&' 
procedure and curve will check @e accuxacy of the ins& 
ment output. Use at least three standard concentratiops 

to calibrate tach injtrument range. Photoelectric 
nephelometers have a calibration adjustment. Set this adjust. 
ment to qual the high value of standard'for the range of 
interest. Read the standards used for the calibration of the 
range in the same tube as was the high level adjustment. 
Note and graph the instrument value for each standard 
(instrument reading versus standard value). See Fig. 4 as an 
example. For daily use of the instrument, one standard in the 
ux  range will be aIl that is required to set t i e  calibration 
adjustment at the graph reading for that value. The aging 
drifr characteristics of each instrument will determine the 
recalibration requirement. 

1 1.1.1 Clean the cell after filling with turbidity standard 
or test water samples as follows 

1 1.1.1 - 1 Rinse the clean dry cell twice with the suspension 
with which it is to be frlled. 

1 1. I. 1.2 Fd the cell to a level to where the top air-liquid 
interface will not interfere with the subsequent reading 
Check manufacturer recommendations as to cell ffing. 

1 1 .I-1.3 After the cell is filled, tissue is then used to 
remove all traces of dirt or fmgerprints. Tissue alone does 
not clean very dirty cells and one of the common 
nonabrasive glass cleaners may be necessary. 

I 1 I I1 
0 2 4 6 8 10 

INSTRUMENT READINC*NTU 
FIG. 4 Linear Canbration LC-10 

Table 

M U  
Standord 

Value 

10.0 
8.0 

6 .O 

4 LO 

2.0 

NTU 
lmtrwnent 

Reading 

10.0. 
8. I 

6.3 

4.7 

2.8 

*Instrument adjusted to reod this volue 
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1 1.1.1.4 The cleaned cell. is handled by its very top and 
placed in an indexed mariner in the instiument. 

1 1.2 Cdibrotion Sfpps: 
1 k2.l Warin up the instrument according t o  m-mu- 

facturcr's insiiuctions. 
11.212 Rinse a clean, dry, scratch-free index marked cell 

with -the highest concentration of the- standard for the 
instrument range xning or range of int- and'then fill. 
Always clean the exterior of the cell after filling in any of the 
following procedures. 

'11.23 Place the cell in the instrument in an oriented 
manner ready for reading of turbidity. 

11.2.4 For photoelectric nephelometria, set thp calibra- 
tion adjustment for the labeled value of AEPA-I turbid& 
standard- or the diluted value of Formazin standard. For slit 
type nephelometers plot the adjusted dial reading at null or 
uniform field brightness versus NTU value of turbidity 
standard. 

1 1.2.5 Remove the sample cell and discard the first 
turbidity standard. Rinse and till a second value of turbidity 
standard and place the ceIl in the innrument in an oriented 
manner. Without moving the photoclectric caIibiation ad- 
justment, make a reading. Plot this instrument h i  reading 
a-eainst the hXU value of the turbidity standard. For the slit 
type nephelometer again plot the adjusted dial reading at 
null versus h i  value of the turbidity standard. 

11.2.6 Repeat for at least one more turbidity standard 
NTU value which should cover the -turbidity range of 
interest. The giexr=r the nurnbe: of turbidity standard values 
used, the greater the reliability of the calibration. 

1 12.7 Make the plot of instrument reading or dial setting 
versus turbidity standard NTU value to where any instru- 
ment reading or dial setting within the range calibrated is 
corrected to values relative to the turbidity standard values. 
The plot of instrument reading or dial setting versus tur- 
bidity standard vdue is a range caiibration cunte. Calibration 
curves for each usable range should be made. See Fig. 4 for 
an example of a linear calibration curve. 

12. Procedure 
1 2  1 Standardize the instrument with one value OW) of 

turbidity standard in the measurement range of interest. 
12.1.1 W m  up the instrument according to the manu- 

facturer's instructions. 
12.1.2 Rinse a clean, dry, scratch-free index marked (a felt 

pen dot) cell with a turbidity standard (AEPA-I or Formazin) 
with a value (hTU) in the range of interest. Fill the cell with 
this turbidity standard. Clean the cell's exterior. 

12.1.3 Place the filled clean cell in an indexed manner in 
the instrument and read the value. It will be an NTU reading 
for photoelectric types and1 a dial reading for slit types 
nephelometers. 

12.1.4 From the calibration c u m  for this instrument's 
range, determine the required reading for the turbidity 
Standard in cell. 

12.1.4.1 Move calibration adjustment to give the photo- 
electric nephelometer the required MU reading. 

12.1.4.2 T h e  slit dial reading deierinined from the calibra- 
tion m e  for-the turbidity standaid in &e all should b; 
within 5 % of the dial reading. If not, reclean the cell and 
rrcalibrate,, 

122 Me'rirnuement.of Wder Turbidity:. 
12.2.1 Turbidity' Less- TXan '40 --Shake the. sample 

to thoroughly dispcrst the solids~ M o w  air bubbles to 
disappear, then proceed. 

122.2 Turbidity Exceeding 40 NTU-Dilute the sample 
with one or more equal volumes of reagent water until 
turbidity is below 40 NTU aftcr mixing and degassing. Then 
treat this less than 40 NTU turbidity in accordance with 
12.2.1.-.The turbidity of the original sample can then be 
computed based on dilution data and original sample 
volume (variations of particle size can affect dilution). 

12.2.3 After calibration ch-eck or adjustment empty the 
cell (do not change ceUs for measurement) of turbidity 
standard and rinse the empty cell with the water sample to be 
tested. ' 

12.2.3.1 The measured NTU value of the water sample is 
determined using the innrument value and the appropriate 
caIibration cume. 

13. Report 
13.1 Report results as follows: 

h N  
0.05-1 .oo 
1 .oe 10.0 
10.0443 

40-100 
100-%00 
400-1oOO 

>lo00 

Repon 10 Nearrn ~~ 

0.05 
0.1 
1.0 
5.0 

10 
50 

loo 

14. Precision and Bias6 
14.1 Round-robin data for this test method were obtained 

by the use of AEPA-I standards. EMSL (Environmental 
Monitoring and Support Laboratory, EPA, Cincinnati. 
Ohio) examined this data for its satistical significance. For 
other matrices, these data may not apply. 

14.2 Formazine was not used in the round-robin test 
because of its short term stability. Formazine can be used as 
a fresh short-term calibration mixture but the results might 
not be applicable to this collaborative test study. 

14.3 Polymer suspensions of syvcne dikiinyl-benzene are 
stable and ca3 be accumtly qc32titated by gravimetric 
procedures. Linear calibration of each insuument was per- 
formed prior to collaborative study, involving ten laborate 
ries and three nephelometric turbidity unit (NTU) levels. 

14.4 Table 1 shows the required statistical treatment of 
the turbidity round-robin test for nine laboratories and three 
concentrations of NTUs and one laboratory's results wen 
statistically rejected. 

14.5 Table 2 shows that the bias of all NTU levels is 
insignificant for the round-robin tea 

LSuppning data arc.rnilablc from ASTM H a d g ~ r ~ c r ~  R q u a  RR: 
D 19-1 129. 
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TABLE 1 FinalSm(istid 
True wncentrawn. c 0.92 4.50 18.66 
MeM rrsponta. 2 0.972 4.410 i 8 . n  
B&€lS*)7-C 0.052 -0.090 -0.09 
Total standad -tion. S, 0.091 o m  om 
slogk-opemtor stsndard dcv$tian. so 0.041 0.1rr 0.181 

Repnncnc wee comntmbw of NlU. 

TABLE 2 Bias Results - 
Truc conomuaem. C 0.92 4 5 4  18.66 
kbMresP5e.R 0.972 4.410 1857 
BELS-2-C 0.052 . -om -0.09 
low smneara deviation. s, 
N * o f t t i b / O p I S a t O f S ~  8 8 8 

SMcm's r-dm. I - I bas I /S,./-h) 1.62 0.71 0.87 
cnwd t-valw (ran 1- x3.8 of 2365 2365 2365 

I S b i a t a e n m t w t i r D ~ f ?  W lm rm 

0.361 0292 0.091 

usable data. n 

R a ~ t t ~ e D 2 7 n  

SUMMARY OF CHANGES 

This section identifies the location of selected changes to 
these test methods that lhave been incorporated since the lan 
issue. For the convenience of the user, Committee D-19 has 
highlighted those changes that may impact the use of these 

test methods. This section may also include descriptions of 
the changes or reasons for the changes, or both. 

(1) Former Test Method B (Visual Jackson Candle Tur- 
bidity) was deleted. 

This standard is sublect to revfsiM ai any by the responsrbIe tsehnic61 commmbe Md must be reviewad every frve ye- and 
d nor revised, enMr reapproved or wuhdrawn. Your COmnmnts are i n v M  eafw lor revision dthrs SmUard or tor eddlirOnaStanUaw3 
and should be addressed to ASTM Headqmers. Y a n  comments will receive careful eont ideram at a meeting ot the respsibk 
technical cummmec. which you may anend. /t you tee1 tnat your comments haw not rsckived u trur hearing you should make your 
views known to me ASTM Commnree on Stmuarc%. 1916 Race SI.. PRiladelpnia. PA 19103. 
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Standard Test Method for Velocity of 
Open Channels with Rotating1 Element C 

Summary of ASTM D 4409-95 

This ASTM method describes the design and use of specific types of rotating-element 
current meters to measure water velocities in open channels. 

Additions Applicable to GJO Contractors and Their Subcontractors 

The following sections shall be interpreted in conjunction with the current published 
version of the ASTM method. The sections shall be interpreted in numerical order, 
using the published version as the base document for reference. 

6. Interferences 

6.3 Selection of a representative section of the 
stream channel to make measurements can 
minimize the effects of natural variation on 
measurement accuracy. The following factors 
should be considered when selecting a section of 
stream to measure velocity. 

6.3.1 Straight stream reaches are preferred. 

6.3.2 Uniform flow within a single, well-defined, 
smooth channel is preferred with no overbank or 
underbank flow. 

6.3.3 Avoid overhanging brush and submerged 
vegetation. 

6.3.4 Avoid irregular, rough stream bottoms. 

6.3.5 Avoid eddied, turbulent, and stagnant 
water. 

10. Field Use  and IMaintenance 

10.7 Observe rotating elements (if visible) during 
velocity measurement to confirm proper 
opera tion. 

13. Quality Assurance 

13.1 A duplicate velocity measurement should be 
collected and recorded every 20 measurements as 
a check on measurement precision. 

13.2 The following information should be 
documented when making velocity 
measurements. 

13.2.1 IManufacturer, model, and serial number 
of the current meter. 

13.2.2 Calibration information and date of 
calibration. 

13.2.3 Count time of velocity measurements. 

. 13.2.4 Date, time, units, location, and 
magnitude of the velocity measurements. 

14. Hazard Analysis 

14.1 This method may involve personnel in or 
around potentially dangerous waterways that 
have an associated drowning hazard. If the task 
of measuring the discharge of a waterway is 
identified as a project requirement during the 
planning phase, then a hazard analysis will be 
conducted, and the appropriate precautions and 
safety equipment will be specified in the project 
health and safety plan. If the discharge 
measurement task was not anticipated at the start 
of the project, then a Job Safety Analysis will be 
conducted, and, if required, the appropriate 
precautions and required safety equipment will be 
specified in a Safe Work Permit. 

Environmental Procedures Catalog 1 
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Designation: D 4409 - 95 

Standard Test Method for 
Velocity Measurements of Water in Open Channels with 
Rotating Element Current Meters' 
This sundud ia kued under the fixed designation D 4409; the number immditcly following the daignation indicaccs the year of 
original adoption or. in the case of revision. the of ly t  reeon.  A number in parenthacs indicates rhc yea? of kn mppmval. A 
rupcncript epsilon (e) indiata an cdimoripI change since the k t  d o n  or rmppmval. 

1. Scope 
1.1 This test method describes the design and use of 

cuptype or vane-type vertical axis current meters and 
propeller-type horizontal axis current meters for measuring 
water velocities in open channels. 

1.2 This test method is intended primarily for those 
meters customarily used in openchannel hydraulic (as 
distinguished from oceanographic) applications with an o p  
erator in attendance. 

1.3 This test method is intended primarily for current 
meters that measure one component or filament of flow. 

1.4 This standard does not purport to address all of the 
safety concerns, i f  any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the apptica- 
bility of regulatoty limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 1 129 Terminology Relating to Wates 
D2777 Practice for Determination of Precision and Bias 

of Applicable Methods of Committee D-19 on Wate? 
D3858 Test Method for OpenChannel Flow Measure- 

ment of Water by Velocity-Area Method2 
2.2 IS0  Standards: 
IS0 2537 Liquid Flow Measurement in Open Channels- 

Rotating Element Current Meters3 
IS0 3454 Liquid Flow Measurement in Open Channels- 

Direct Depth Sounding and Suspension Equipment3 
IS0 3455 Liquid Flow Measurement in Open Channels- 

Calibration of Rotating-Element Current Meters in 
Straight Open Tanks3 

3. Terminology 

this test method, refer to Terminology D 1 129. 
3.1 DeJnitions-€or definitions of other terms used in 

3.2 Descriptions o/Tennt Spec@c to This Standard: 
3.2.1 current meter-an instrument used to measure the 

3.2.2 Price-type current meters-generic name for specific 
speed or velocity of flowing water at a point. 

~~ 

* This test method is under Ihe julidction of ASTM Committee D19 on 
Water and k the direct rrrpondbility of Subcommittee D19.07 on Sedimcnu. 
Geomorpholugy. and OpeaChanncl Flow. 

Current edition approved Dcc IO. 1995. Publirhcd Fcb~ary 1996. Oenally 

2 Ann& E d  of AS7M S t a d d r ,  Vol 1 1.01. 
'Published by Intcrnatiod Suadards Orsani+ltion and rMikble from 

Amcricp~ Nuioaal S~.ndacds Inainrcc. 1 I W. 42nd Sr. 13rh floor. New York, NY 
10036. 

pubwed D 4409 - 84. kn P&OUS edition D 4409 - 91. 

vertical axis meters with a rotating element consisting of six 
conical cups and constructed as described in Refs (1-3).4 

3.2.3 spin test-a test performed to check the bearings of 
a current meter. This test is used primarily with vertical axis 
current meters. 

3.2.4 turbulence-irregular condition of flow in which the 
velocity exhibits a random variation with time and space 
coordinates so that statistically distinct average values can be 
discerned. 

4. Summary of Test Method 
4.1 The angular velocity of the rotating element is a 

function of water speed at the point of immersion. This 
angular velocity is determined from the meter output and its 
functional relation to the water speed is determined by 
calibration. 

5. Significance and Use 
5.1 This test method describes the design and use of 

various types of current meters. These current meters are 
commonly used to measure the velocity at a point in an open 
channel cross section as part of a velocity-area traverx to 
determine the flowrate of water. To this end it should be 
used in conjunction with Test Method D 3858. 

6. Interferences 
6.1 As with any intrusive flow measuring device, rotating 

element current meters are subject to damage by debris, 
especially in high velocity flows, and to fouling by floating 
materials such as aquatic growths and sewage. 

6.2 Owing to bearing friction, each rotating element 
current meter has a limiting low velocity below which it does 
not function reliably. This velocity is different for each type 
of meter but, in general, 96 CKOS tend to become large as the 
velocities decrease below 0.1 to 0.2 R/s (0.03 to 0.06 m/s). 

7. Apparatus 
7.1 Current Meters-Rotating element current meters 

consist of a rotating element with shaft and bearings, a 
mechanism for detecting and registering revolutions, and a 
frame which supports the foregoing elements and provides 
for suspension of the meter and the insertion of stabiliring 
fins if needed. Current meters covered by this test method do 
not customarily incorporate direction-measuring devices (see 
1' 1.1.5). 

The boldface numben refer to the lin of refercnccs at the cud of this ta 
mcrhod. 
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7.1.1 Roror Cun$gurufion-Horizontd-~~ meters have 
propeller-type rotors comprised of two or more blades. 
Interchangeable elements of different pitch or diameter can 
be used to cover a wider range of velocities. Ve~cal-axh 
metem have a rotating wheel made up of several cuptype or 
vane-type elements. Rotors employing six conical cups (for 
example, Price-type meters) are frequently used but other 
configurations are permissible provided the following re- 
quirements are met: 

7.1.1.1 The relation between velocity and rotation rate 
must be stable, that is, there should be no significant 
uncertainties in the meter’s rating curve due to unstable flow 
separations at the cups or similar hydrodynamic causes. 

7.1.1.2 If fractions of revolutions are to be registered, the 
angular movement of the rotor must be the same during each 
measured fraction. 

7.1 2 Bearings: 
7.1.2.1 Bearing design shall pexmit the meter to be used in 

sediment-laden water, without afFecting the accuracy of the 
meter. 

7.1.2.2 If a particular oil is required for bearing lubrica- 
tion, the supplier shall hmish it with the instrument. 
Information for obtaining replacement oil shall also be 
furnished. 

7.1.2.3 At the highest velocity claimed for the meter, 
properly maintained bearings shall function without ad- 
versely aflecting meter performance for a period of time 
customarily associated with normal use or for the period of 
time between recommended recalibrations. If bearing re- 
placement is needed to meet this requirement. such replace- 
ment shall be possible in the field. 

7.1.2.4 At the lowest velocity claimed for the meter, 
properly maintained bearings shall function consistently and 
not contribute to undue deviations in meter response. 

7.1.2.5 No breaking-in period for the bearings shall be 
required after meter delivery. 

7.1.3 Registering Revolutions-The current meter shall be 
equipped with a mechanism which detects and signals either 
single revolutions of the rotor or known fiaaions or multi- 
ples thereof. This detection can be by mechanical-clectric 
contact, by magnetic, optical, or other methods, and shall 
produce a signal which is audible, visible, or recordable by 
other means. 

7.1.3.1 A mechanical-electric contact device shall not add 
in any significant manner to the internal friction at the 
lowest velocity claimed for the meter. 

7. I .3.2 The contact device must always actuate the signal 
at precisely the same position in each revolution (fraction or 
multiple). 

7. I .3.3 If the revolution count is to be made manually iby 
the operator, the audible or visual signals (as distinguished 
from recorded signals) shall not occur at a frequency greater 
than 3, and preferably 2.75, cps. 

7.1.3.4 A timing device is a necessary adjunct to the meter 
so that the revolution rate can be determined from the 
revolution count. In the simplest configuration this system 
can consist of a manual stopwatch for timing audible or 
visual signals. 

7.1.3.5 If the current meter system has a direct readout in 
velocity units, the user must be furnished an accuracy 
statement which includes the readout. Also, the user must be 

provided with a procedure to check for system malfunctions. 
7.1.4 Frame-The frame houses the current-meter ele- 

ments and provides for suspending the meter in the flow. 
Depending upon the intended use of the meter, the frame 
can be designed for suspension by rigid rod only, by 
cable-and-weight only, or it can provide for both types of 
suspension. 

7.1.4.1 The connection for rod mounting shall provide, in 
conjunction with the rod, rigidity and vibration-free perfor- 
mance at the highest velocity claimed for the meter, and shall 
provide for adjustable meter position along the rod. Fixed 
rod position is necessary for some applications, such as for 
measuring through ice cover. Rods must be provided with 
suitable fixtures to accommodate fins as specified in 7.1.4.3. 

7. I .4.2 The connection for cable suspension shall permit 
the meter to swivel in a vertical plane so that it can seck and 
maintain a horizontal orientation. 

7.1.4.3 Fins-Meters to be suspended by cable must 
provide for stabilizing fins to be inserted into the frame. 
Provision shall be made for balancing the meter-fin unit 
about its pivot while immetxd in water, so that it can 
operate in a level position at all velocities claimed for the 
meter. 

a 

7.1.5 Other General Requirements: #. 
7.1.5.1 The meter design and construction shall be suffi- 

ciently sturdy for normal field use and the materials shall be 
usable in normally encountered k h  and saline waters 
without undue corrosion or wear. 

7.1.5.2 The meter shall offer low resistance to the flow 
and must be able to maintain a stable position with respect 
to the flow. 

7.1.5.3 Meter parts shall be interchangeable among other 
meters of the Same model and manufacturer. The manufac- 
turer shall state which parts can be replaced without re- 
quiring redbration. 

7.1.5.4 Design features which permit minor repairs or 
parts replacement by the user in the field an encouraged. 

.Any special purpose tools needed for such repairs or replace- 
ment shall be furnished with the meter. 

7.1.5.5 For high-inertia, verticalaxis meters, spin test 
durations shall be recommended for effective use of the 
meters at their lowest claimed velocity. See Refs (1-3) for 
Price-type meters. Users shall be provided with alternative 
procedures for qualitative indications of internal friction in 
meters that are not amenable to spin testing. 

7.1.5.6 The user shall be provided with the means (de- 
tailed dimensions, templates, or forms) to ascertain gradual 
changes in rotor configuration, where appropriate. Sec also 
10.2. 

7.1.5.7 Information on depth (pressure) limitation on 
meter submergence and on temperature effects, if any, on 
meter performance shall be furnished by the manufacturer. 

7.2 Suspension Equipment-Description and require- 
ments for suspension equipment are available in Refs (2,3) 
and IS0 3454. This test method includes only those elements 
which directly affect the meter performance. 

7.2.1 Rods-The rod for which the meter rating is valid, if 
not furnished with the meter, shaIl be precisely specified with 
regard to dimensions and configuration. 

a 

7.2.2 Cable and Weight: 
7.2.2.1 The cable suspension system for which the meter 
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rating is valid, if not furnished with the meter, shaIl be 
prccisely specified with regard to dimensions and configura- 
tion, including dimensions of the sounding wight, its 
distance from the meter, connecting strap details, cable 
dimensions, etc. 

7.2.2.2 The weight shall offer minimal resistance to the 
flow and should be able to maintain a stable and level 
position. It shall be so shaped that the current meter is not 
subject to shed eddies or other instabilities; and it shall be 
heavy enough to avoid excessive downstream deflection of 
the cable, particularly in deep and swift currents. If some 
deflection is unavoidable, tables for air-line and wet-line 
corrections are available. 

7.2.2.3 The suspension cable preferably shall be reverse- 
lay sounding cable to minimize torque on the immersed 
meter and weight. However, even this type of cable may 
cause or allow meter yaw and subsequent meter registration 
errors for Price-type current meters in velocities below 1.00 
ft/s (0.305 m/s). 

7.2.2.4 For protection of the meter it is preferable that the 
weight be mounted below the meter. 

8. Sampling 
8.1 Sampling, as defined in Terminology D 1129, is not 

applicable in this test method. Sampling to obtain a reliable 
measurement of average velocity in a cross section is covered 
in Test Method D 3858. 

a 

9. Calibration 
9.1 General Calibration Requirerneyfs: 
9.1.1 The range of calibration velocities ideally includes 

the minimum and maximum velocities claimed for the 
meter. Practically, most calibration (rating) facilities cannot 
achieve this range of velocities and are limited to 0.10 ft/s 
(0.03 m/s) to 12 ft/s (3.66 m/s). Calibrations at those 
minimum and maximum possible velocities, along With 
enough intervening points, typically describe a rotation 
rate-velocity relation that brackets values commonly found 
in flowing streams. For the rare cases where current meters 
are used to measure faster velocities, linear upward extension 
can be made with minimal accuracy degradation. Downward 
extrapolation may result in larger errors, due to variable stall 
rates of individual meters. Provide the rating to the user in 
the form of an equation, table, or graph. Furnish an estimate 
of the accuracy. 

9.1.2 Make individual calibrations, using the same sus- 
pension with which the meter is to be used in the Geld. See 
7.2.1 and 7.2.2.1. 

9.1.3 If a propeller meter is intended to respond only to 
the velocity component along the meter axis, provide cali- 
bration information on this capability for the usable range of 
approach angles claimed for the meter. 

9.1.4 Recalibrate meters when their performance is sus- 
pect. Some organizations establish routine recalibration 
policies, such as annually or based on hours of use. In the 
case of instruments made to stringent specifications, repairs 
and parts replacement may be made without recalibration 
requirements. 

9.2 Towing Tank Calibration-Current meters usually 
are calibrated (rated) in a towing tank. Guidelines for this 
type of calibration are given in IS0 3455. 

9.3 Waer Tunnel CalibrationPurrent meters also can 
be calibrated in flowing water-in a facility that provides a 
uniform velocity distribution in a test area large enough IO 
avoid blockage effects, provided that the accuracy of the 
system is demonstrably high. If this procedure is used, 
provide some indication of the scale and intensity of the 
turbulence. 

9.4 Group Ratings-A rating quation provided by a 
manufacturer for a specific type of cumnt meter is some- 
times used in place of an individual calibration equation. 

9.4. I Base group ratings can be made, based on individual 
ratings of a significant number of meters with specified type 
of suspension (4). Preferably both new and well-maintained 
used meters should be included. Make the size, make-up, 
and standard deviation of the sample known to the user. 

9.4.2 A group rating pertains only to current meters 
manufactured in a specific manner. Any change in the 
manufacturing process requires reexamination of the group 
equation and appropriate adjustment if needed. 

10. Field Use and Maintenance 
10.1 Spin Tesrs (see also 7.1.5.5): 
10.1.1 Make spin tests for meters that are amenable to 

spin tests at least once during each day's use;More frequent 
testing is recommended when velocities are low. when silt 
concentration is high, or a meter malfunction is suspected. 

10.1.1.1 Spin tests must be made with the meter sup 
ported in a level and wind-frce environment. The spin shall 
meet the @led duration after a f m  manual start and 
shall come to a gradual stop. Spin duration information 
must be supplied by the manufacturer for a specific meter. 
Some organizations provide spin duration requirements for 
meter types that they use extensively, such as those given in 
ReG (1-3) for open-cup metal rotor Price-type meters. 

10.1.1.2 Repair or replace meters which fall short of the 
specified spin duration. 

10.1.2 For meters that are not amenable to spin testing, 
users must develop alternative tests for monitoring perfor- 
mance if such tests were not provided lby the manufacturer 
under 7.1.5.5. 

10.2 Examine the meters for obvious rotor dents or 
deformations after each use. Such rotor damage can affect 
the rating and may be an indicator of additional, less visible 
damage to the meter mechanism. Rotor replacement, repair 
or replacement of other parts, and recalibration. either alone 
or in some combination, will be required. 

10.3 Examine the meters periodically during the course of 
a discharge measurement, for debris or damage which may 
affect performance of the meter, in addition to checks before 
and after use. 

10.4 Provide instructions for routine maintenance. such 
as disassembly, cleaning, or lubrication after each use. Clean, 
lubricate, and check after each day's use, in default of more 
specific instructions. See Ref (1) for Price-type meter main- 
tenance. 

10.5 Make provisions to minimize wear on bearings or 
stress on other meter parts during transport and storage. 
Provide a suitable canying case to protect the meter when 
not in use. 

10.6 Field use and operational methods are described in 
 est Method D 3858. 
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11. Precision and Bias 
1 I. I Determination of the precision and bias for this test 

method is not possible, both at the multiple and single 
operator level, due to the high degree of instability of open 
channel flow. Both temporal and spatial Variability of the 
boundary and flow conditions do not allow for a consent 
standard to be used for rtprrsentative samphg. A minimum 
bias, measured under ideal conditions, is directIy related to 
the bias of the equipment used and is listed in the following 
sections. A maximum precision and bias cannot be csti- 
mated due to the variability of the sources of potential errors 
b e d  in 11.3 and the temporal and spatial variability of 
openthannel flow. Any estimate of these errors could be 
very misleading to the user. 

11.2 Under the allowances made in 1.5 of Practice 
D 2777 - 86, these precision and bias data do meet existing 
requirements for interlaboratory studies of Committee D-19 
test methods. An exemption to the precision and lbias 
statement required by D2777 was recommended by the 
Results Advisor and concurred with by the Technical Oper- 
ations Section of the D- 19 Executive Subcommittee on June 
15, 1990. 

1 1.3 The towing-tank performance of an individually 
calibrated current meter can be described by its rating 
equation to within 1 5% of the actual velocity with slightly 
higher deviations possible at the low velocities. However, in 
field use numerous error sources are recognized. The re- 
sulting errors have not been completely quantified but the 
following paragraphs are cited as possible sources of mors. 

11.3. I Turbulence and Pulsations--Current meters are 
usuaIly calibrated by towing in still water but are used in 
turbulent flowing water. The effect of small d e  (relative to 
cup size) turbulence on vertical axis meters has not been 
fully evaluated (5). Rows with obviously intense turbulent 
eddying shall be avoided where possible. Based on present 
knowledge, turbulence effects cannot be quantified but can 
be minimized with the use of a low inertia propeller-type 
meter with blades of high aspect ratio (square of the 
difference between outer diameter and hub diameter divided 
by blade area) (6). 

11.3.2 Pfaforrn Morionr-Guidetines on errors i n w  
d u d  by vertical motions, such as those associated with 
wave-induced boat motions, are given for selected vertical- 

errors become more important with lower stream velocities. 
axis and horizontal-axis meters in Ref (7). Generally th 

1 1.3.3 Vefm*ry Gradienls-Cuptype vertical axis meters 
can be cxpccted to over-register or under-register (with 
reference to the velocity at the axis) in the presence of a 
lateral velocity gradient, depending upon whether the ve- 
locity increases toward the open or closed face of the cup or 
drag element (8). Velocity-gradient effects on propeller-type 
meters have not been investigated. 

1 1.3.4 Boundaries-Current meters can be affected by 
solid boundaries because of the flow gradients existing there 
and because of a direct proximity effect. Price and Pygmy- 
meter surface restrictions are cited in Ref (2). Proximity 
effects on propeller meters are generally less than those of 
vertical axis meters (9). 

11.3.5 Vefmify Direcrion-Current meters shall be ori- 
ented with the oncoming velocity filament to avoid misalign- 
ment mors. If a velocity component in another direction is 
required, the angle between the meter and the desired direc- 
tion shall be measured independently and a cosine factor 
applied. Misalignment errors due to vertically angled flows 
cannot be corrected for in most meters. Price AA-type 
meters tend to underregister when the pitch angle with 
respect to the flow streamline exceeds 2.5 degrees (10). Flows 
with obvious vertically angled velocity filaments shall be 
avoided where possible (1 1). Exceptions are propeller meters 
equipped with component propellers (see 9.1.3). 

11.3.6 Temperature-Response of some meters can be 
’affected by temperature-induced viscosity changes in meter 
lubricating oil. See Ref (9) and 7.1.5.7. 

1 1.3.7 The errors and uncertainties presented in 11. 
must be considered in addition to errors and uncertainties 
inherent in the rating equation. 

-a 
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Technical Comments on ASTM D 3858-95 

Standard Test pen-Channel 
Flow Measurement ter lby Velocity-Area Method 

Summary of ASFM D 3858-95 

This ASTM method describes the equipment and protocol necessary to determine 
the volume flow rate (discharge) of water in an open channel. The velocity-area 
method involves dividing the channel into sections and measuring the velocity and 
cross-sectional area of each section. From these measurements, the discharge is 
calculated for each section, and the total discharge is determined by summing 
discharge results from each section. 

Additions Applicable to -0 Contractors and Their Subcontractors 

The following sections shall be interpreted in conjunction with the current published 
version of the ASTM method. 'The sections shall be interpreted in numerical order, 
using the published version as the base document for reference. 

9. Procedure 

9.1 Site Selection 

9.1.1 Additional factors should be considered 
when selecting the section of stream to measure 
discharge. of the current meter. 

9.1.2 Uniform flow within a single, welldefined, 
smooth channel is preferred with no overbank or 
underbank flow. 

9.1.3 Avoid overhanging brush and submerged 
vegetation. 

9.1.4 Avoid eddied, turbulent, and stagnant 
water. 

13.3 The following information should be 
documented when making discharge 
measurements. 

13.3.1 Manufacturer, model, and serial number 

13.3.2 Current meter calibration information 
and date of calibration. 

13.3.3 Count time of velocity measurements. 

13.3.4 Date, time, units, locations, and 
magnitude of the velocity measurements. 

13.3.5 Width and average depth of each section. 

13. Quality Assurance 14. H a z a r d M y s i s  

13.1 A duplicate velocity measurement should be 
collected and documented1 every 20 
measurements as a check on measurement 
precision. 

13.2 A duplicate discharge measurement should 
be collected and documented every 20 
measurements as a check on method precision. 
The duplicate should be offset slightly from the 
original location. 

This method may involve personnel in or around 
potentiiy dangerous waterways that have an 
associated drowning hazard. If the task of 
measuring the discharge of a waterway is 
identified as a project requirement during the 
planning phase, then a hazard analysis will be 
conducted, and the appropriate precautions and 
safety equipment will be specified in' the project 
health and safety plan. If the discharge 
measurement task was not anticipated at the start 
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of the project, then a Job safety Analysis will be 
conducted, and, if required, the appropriate 
precautions and required safety equipment will be 
specified in a Safe Work Permit. 

, 
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(m Designation: D 3858 - 95 

Standard Test Method for 
Open-Channel Flow Measurement of Water by Velocity-Area 
Methodl 

This standard is kued  under the fired designation D 3858; the number immediately following the designation indicates the year of 
original adoption or. in the cuc of revson. the ycar of last revision. A number in parcnthocs indicates the year of kn reapproval. A 
superscript epsilon (t) indicates an editorial c h n p  since the last revirion or reapproval. 

1. Scope 
1 . 1  This test method covers the measurement of the 

volume rate of flow of water in open channeb by deter- 
niining the flow velocity and cross-sectional area and com- 
puting the discharge therefrom (Refs (1) through (7)).* 
1.2 The procedures described in this test method are 

widely used by those responsible for the collection of 
streamflow data, for example, the US. Geological Survey, 
Bureau of Reclamation, US. Army Corps of Engineers, U.S. 
Department of Agriculture, Water Survey Canada, and 
many state and provincial agencies. The procedures are 
generally from internal documents of the above listed 
agencies, which have become the defacto standards as used 
in North America 

1.3 This tesf method covers the use of current meters to 
measure flow velocities. Discharge measurements may be 
made to establish isolated single values, or may be made in 
sets or in a series at various stages or water-levell elevations to 
establish a stage-discharge relation at a site. In either case, the 

e test method is followed for obtaining field data and 
mputation of discharge. 
1.4 Measurements for the purpose of determining the 

discharge in efficiency tests of hydraulic turbines are speci- 
fied in International Electrotechnical Commission Publica- 
tion 41' for the field acceptance tests of hydraulic turbines, 
and are not included in this test method. 

I .5 This standard does not purport so address all o/ the 
saJety concerns, i/ any, associated with its use. I! is the 
rcsponsibility ofthe user oythis standard to establish appre 
priate safety and health prartices and delermine she applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Sfandarcis: 
D I129 Terminology Relating to Watef 
D 2777 Practice for Determination of Precision and1 Bias 

of Applicable Methods of Committee D-19 on Watef 
D 4409 Test Method for Velocity Measurements of Water 

in Open Channels with Rotating Element Current 
Meters4 

'This test method is under the jurisdiction of ASTM Committee D 1 9  on 
Water and is the dimt responsibility of  Subcommittee D19.07 on Sediments, 
Geomorphology. and Open-Channel Flow. 

Current edition approved Sept. IO. 1995. Published November 1995. Originally 
published as D 38S8 - 79. Last previous edition D 3858 - 90. 

The boldface numbers in parentheses refer to the references listed at the end of 

' For availability of this publication, contact the International Elcctrotechnical 

' Annitof B w k  vJAS7M Stotufurds. Vol I I .O 1. 
oinmiuion. 3 rue de Vamnk.  CH 121 I .  Geneva 20. Swimland. 

D 5089 Test Method for Velocity Measurements of Water 
in Open Channels with Electromagnetic Current Meters' 

2.2 IS0 Standard: 
IS0 3455 ( 1976) Calibration of Rotating-Element Current 

Meters in  Straight Open Tankss 

3. Terminology 
3.1 Descriptions of Terms Specgc to This Standard: 
3. I. 1 current meter-an instrument used to measure, at a 

point, velocity of flowing water. 
3.1.2 discharge-the volume of flow of water through a 

cross section in a unit of time, including a>y sediment or 
other solids that may be dissolved in or mixed with the 
water. 

3.1.3 floaf-a buoyant article capable of staying sus- 
pended in or resting on the surface of a fluid; often used to 
mark the thread or trace of a flow line in a stream and to 
measure the magnitude of the flow velocity along that line. 
3.1.4 stage-the height of a water surface above an 

established (or arbitrary) datum plane; also termed guge 
height. 
3.2 Definitions-For definitions of terms used in this test 

method, refer to Terminology D 1 129. 

4. Summary of Test Method 
4.1 The principal of this test method consists in effectively 

and accurately measuring the flow velocity and cross- 
sectional area of an open channel or stream. The total flow 
or discharge measurement is the summation of the products 
of partial areas of the flow cross section and their respective 
average velocities. The equation representing the computa- 
tion is: 

where: 
Q = total1 discharge, 
a = individual partial cross-sectional area, and 
Y = corresponding mean velocity of the flow normal (per- 

4.2 Because computation of total flow is a summation or 
integration process, the overall accuracy of the measurement 
is generaIly increased by increasing the number of partial 
cross sections. Generally 25 to 30 partial cross sections, even 
for extremely large channels, are adequate depending on the 
variability and complexity of the flow and the cross section. 
With a smooth cross section and uniform velocity distribu- 
tion, fewer sections may be used. The partial sections should 

pendicular) to the partial area. 

Available from American N a t i o d  StandarA Institute. 11 W. 42nd SL. 13th 
Floor. Ncw York. NY 10036. 
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FIG. 1 Typical O p e n - C h m e l  Vertical-Velodty Curve (Modified from Buchanan and Somem)' 

be chosen so that each contains no more than about 5 95 of 
the total discharge. No partial section shall contain more 
than 10 96 of the total discharge. 

NOTE I -There is no universal "rule of thumb" that can k applied 
to fix the number OF partial sections dative to the magnitude of flow, 
channel width, and channel depth because of the atreme variations in 
channel shape. size, roughness, and velocity dhbution.  Where a rating 
table or other estimate of total flow i s  available, this flow divided by 25 
Can serve as an estimate of the appropriate flow magnitude For each 
partial d o n .  

4.3 Determination of the mean velocity in a given partial 
cross section is redly a sampling process throughout the 
vertical extent of that section. The mean can be closely and 
satisfactorily approximated by making a few selected velocity 
observations and substituting these values in a known 
mathematical expression. The various recognized methods 
for determining mean velocity entail velocity observations at 
selected distances below the water surface. The depth selec- 
tions may include choice of (1) enough points to define a 
vertical-velocity curve (see Fig. (2) two points (0.2 and 
0.8 depth below water surface), (3) one point (0.6 depth), (4) 

Buchanan, 7. J.. and Somen, W. P.. "Discharge Measwanmu ai Gzq$ng 
Stations,' US. Geological Swey Techniques of W ~ u e r - R c s o ~ s  Jtwsiigations, 
 BOO^ 3. Chapter Aa. 

one point (0.2 depth), (5 )  three points (0.2, 0.6, and 0.8 
depth), and (6) subsurface (that is, just below the water 
surface) (see 10.9 for further description of each method.) 

5. Significance and Use 
5.1 This test method is used to measure the volume rate of 

flow of water moving in riven and streams and moving over 
or through large man-made structures. It can also be used to 
calibrate such measuring structures as dams and flumes. 
Measurements may be made from bridges, cableways, or 
boats; by wading; or through hola cut in an ice cover. 

5.2 This test method is used in conjunction with detenni- 
nations of physical, chemical, and ibiological quality and 
sediment loadings where the flow rate is a required param- 
eter. 

6. Apparatus 
6.1 Many and varied pieces of equipment and instru- 

ments are needed in making a conventional discharge 
measurement. The magnitude of the velocity and discharge, 
location of the cross section, weather conditions, whether 
suspended, floating, or particulate matter are present in the 
water, and vegetative growth in the cross sections are all 
factors determining equipment needs: Instruments and 
equipment used normally include current-meters, width- 
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measuring equipment, depth-sounding equipment. timers, 
le-measuring devices, and counting equipment. The a p  
tus is further described in the following paragraphs. 

.1.1 Curfew Merer-Current meters used to measure 
open-channel flow are usualiy of the rotating-element (see 
Note 2) or electromagnetic types. Refer to Test Methods 
D 4409 and D 5089 for more specific information. However, 
the equipment sections of this test method emphasize the 
rotating-element meters mainly because of their present 
widespread availability and use. The operation of these 
meters is based on proportionality between the velocity of 
the water and the resulting angular velocity of the meter 
rotor. Hence, by placing this instrument at a point in a 
stream and counting the number of revolutions of the rotor 
during a measured interval of time, the velocity of water at 
that point is determined. Rotating-element meters can gen- 
erally be classified into two main types: those having 
vertical-axis rotors, and those having horizontal-axis rotors. 
The principal comparative characteristics of the two types 
may be summarized as follows: ( I )  the vertical-axis rotor 
with cups and vanes operates in lower velocities than does 
the horizontal-axis rotor, has bearings that are we11 protected 
from silty water, is repairable in the field without adversely 
affecting the meter rating, and works effectively over a wide 
range of velocities; (2) the horizontal-axis rotor with vanes 
disturbs the flow less than does the vertical-axis rotor because 
of axial symmetry with flow direction, and is less likely to be 
fouled by debris. Also, the rotor can be changed for different 
velocity ranges and meters of this type are more dificult to 
service and adjust i n  the field. 

OTE 2-vcrtica~-axis current meters commonly used arc of the * ce type and are available in two sizes. the large Price AA and the 
smaller Pygmy meter. The rotor assembly of the type AA is 5 in. ( I  27 
mm) and the Pygmy is 2 in. (5 1 mm) in diameter. The rotor assemblies 
of both meters are formed with 6 hollow metal or solid plastic 
cone-shaped cups. 

The small Price pygmy meter is generally used when the average 
depth in a stream cross section is lcss than 1.5 ft (0.5 m) and velocity is 
below 2.5 R/s (0.8 m/s). The large Pncc type meter should be used when. 
average depths arc greater than 1.5 ft (0.5 m). For high velocitiu, the 
large meter may be used for shallower depths. Do not change the meter 
if a few partial sections arc outside these limits In any c a ~ ,  meters 
should not be used closer to the streambed than 1.5 rotor or probe 
diameters. 

Current meters used in the measurement of opcn-channel flow are 
exposed to damage and fouling by debris ice, paniculate matter, 
sediment, moss, and extreme temperature variations, and should be 
selected accordingly. Meters must be checked frequently during a 
discharge measurement to ensure that they have not been damaged or 
fouled. 

6.1.2 Counting Eqziiprnenf-The number of revolutions 
of a rotor in a rotating-element type current meter is 
obtained by an electrical circuit through a contact chamber 
in the meter. Contact points in the chamber are designed to 
complete an electrical circuit at selected frequencies of 
revolution. Contacts can be selected that will complete the 
circuit once every five revolutions, once per revolution, or 
twice per revolution of the rotor. The electrical impulse 
produces an audible click in a headphone or registers a unit 
on a counting device. The count rate is usually measured 

anually with a stopwatch, or automatically with a timing 
evice built into the counter. 
6.1.3 Width-Measuring Equipment--The horizontal dis- 

tance to any point in  a cross section is measured from an 
initial point on the stream bank. Cableways, highway 
bridges, or foot bridges used regularly in making discharge 
measurements are commonly marked with paint marks at 
the desired distance intervals. Steel tapes, metallic tapes, or 
premarked taglines are used for discharge measurements 
made from boats or unmarked bridges, or by wading. Where 
the stream channel or cross section is extremely wide, where 
no cableways or suitable bridges are available, or where it is 
impractical to string a tape or tagline, the distance from the 
initial point on the bank can be determined by optical or 
electrical distance meters, by stadia, or by triangulation to a 
boat or man located on the cross-section line. 

6.1.4 Depth-Sounding Equipment-The depth of the 
stream below any water surface point in a cross section, and 
the relative depth position of the current meter in the vertical 
at that point, are usually measured by a rigid rod or by a 
sounding weight suspended on a cable. The selection of the 
proper weight is essential for the determination of the correct 
depth. A light weight will be carried downstream and 
incorrectly yield depth observations that are too large. A 
"rule of thumb" for the selection of proper shgd weights i s  to 
use a weight slightly heavier in pounds than the product of 
depth (feet) times velocity (feet per second) (no direct metric 
conversion is available). The sounding cable is controlled 
from above the water surface either by a reel or by a 
handline. The depth-sounding equipment also serves as the 
position fixing and supporting mechanism for the current 
meter during velocity measurements. Sonic depth sounders 
are available but are usually not used in conjunction with a 
reel and sounding weight. 

6.1.5 Angle-Measuring Devices-When the direction of 
flow is not at right angles to the cross section, the velocity 
vector normal to the cross section is needed for the correct 
determination of discharge. The velocity as measured by the 
current meter, multiplied by the cosine of the horizontal 
angle between the flow direction and a Iine perpendicular to 
the cross section, will give the velocity component normal to 
the measuring cross section. A series of horkontal angles and 
corresponding cosine values are usually indicated as a series 
of marked points on the measurement note form (standard 
form) or on a clipboard. The appropriate cosine value is then 
read directly by orienting the note form or clipboard with the 
direction of the cross section and the direction of flow. When 
measuring in deep swift streams, it is possible to sound the 
depth but the force of the current moves the weight and 
meter into positions downstream from the cross section; 
hence, the depths measured are too large (see Fig. 2): 
Measurement of the vertical angle (between the displaced 
direction of the sounding line and the true venical to the 
water surface) is necessary for computation of both air-line 
and wet-line corrections to the measured depth. A protractor 
for measuring vertical angles is considered to be special 
equipment which is available. Tables of air-line and wet-line 
corrections are also available. Tags or colored streamers 
placed on the sounding line at known distances above the 
center of the meter facilitate the measurement of depth, may 
eliminate the need for air-line corrections, and fadlitate 
setting the meter at the proper depth. 

6.1.6 Miscellaneous Equipment-The type and size of the 
equipment necessary to make a velocity-area discharge mea- 
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Apex of vertical angle 
in sounding line 

flG 2 Podtfon of Soundtng Weight and Une in Deep, Swift Water (from Buchenen end Somer~)~ 

surement are extremely variable, depending on the magni- 
tude of the discharge to be measured. Items such as sounding 
reels, streamlined sounding weights that range in Size from 
15 to 300 Ib (6.8 to 136 kg), wading rods, handlines, taglines, 
etc., are available to measure discharges, velocities, and 
cross-sectional dimensions of almost any magnitude nor- 
mally found in openthannel or stream settings. 

7. Sampling 
7.1 Sampling as defined in Terminology D I129 is not 

applicable in this test method. 
7.2 Make spatial sampling of velocity and flow in accor- 

dance with procedures and principles set forth in 4.2, 4.3, 
and 10.9 

8. Calibration 
8.1 To meet stipulated accuracy standards, it is neceSSary 

that rigid controls be established and observed in the 
manuficturing, care, and maintenance of current meters. 

8.1.1 For all practical purposes, virtually aH verticalaxis 
rotating-element meters of a specific type and manufacturer 
are identical. Some of the large organizations using these 
meten obtain rigid controls by supplying the production dies 
and fixtures and detailed specifications to manufacturers, so 
that identical properties are assured for each unit 
produced.Thc rating equations for the meters are nearly 
identical and a standard meter-rating table can be developed e for each group of meters received k m . a  common supply 

8.2 Current-meter rating facilities have been .constructed 
source. 
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for the purpose of developing quality control and uniformity 
the whole current-meter rating procedure (see IS0 3455). 

hese rating facilities a current meter is "rated" by towing .t hrough a long tank of still water. The meter is rigidly 
suspended from an electrically driven car that rides on rails 
precisely anchored along the top edges of the tank. The car is 
driven at precisely controlled speeds, for a large number of 
independent runs, to simulate a range of velocities repre- 
senting those normally encountered in streamflow measure- 
ment. 

9. Procedure 
9.1 Site Selecrion-The selection of a suitable site for 

making a discharge measurement will greatly affect the 
accuracy of that measurement. The stream should be straight 
above and below the measuring section with the main thread 
of flow parallel to the banks. As a rule, the stream should be 
straight for at least three channel widths above and below the 
selected section. The streambed should be free of large rocks, 
piers, weeds, or other obstructions that will cause turbulence 
or create a vertical component in measured velocity. Water 
velocities and depths at the selected section must be consist- 
ent with capabilities of the equipment available for making 
the measurement. 

9.2 Current Meter Measurement by Wading-Wading 
measurements usually are preferred if stream depth and 
velocity conditions permit. When the selection of a site is not 
dependent on an overhead structure this allows a wider range 
in choice of possible cross-section locations. Because the field 

rson is in  the water near his measuring equipment, he is in 
osition to note changes in channel geometry, flow angles, a obstructions which might effect flow patterns. i n  a wading 

measurement, the current meter is mounted on a wading rod 
in such a way that when the rod is held in a true vertical 
position, the meter is parallel to flow. The technician must 
stand in a position, usually to the side and slightly down- 
stream from the rod, so that his body will not obstruct flow 
past the meter. As a "rule of thumb," wading measurements 
are unsafe when the product of water velocity (feet per 
second) times depth (feet) exceeds 10 (metres per second 
times depth in metres exceeds 1). 

9.3 Currenl Meter Measuremenr fiom Bridges-Bridges 
are frequently used as a platform for making discharge 
measurements. Measurements from bridges are made by 
suspending the current meter on a handline or on a line 
attached to a sounding reel mounted on a bridge crane or 
bridge board. A sounding weight is suspended below the 
meter to hold it in position and as a method of obtaining the 
water depth. Measurements can be made from either the 
upstream or downstream sides of a bridge. The upstream side 
is generally preferred because the hydraulic characteristics of 
the bridge structure are less likely to affect the flow, 
streambed scour is less, and the presence of approaching drift 
in the stream is more visible. Advantages of the downstream 
side are that the need for horizontal-angle corrections to the 
flow vector may be minimized by the effects of the bridge- 
support structure. In situations where a bridge has a pedes- 
trian walkway, that may offer a safer working environment. 

r bridge alignments were generally perpendicular to 
rbanks to minimize the clear span; modem bridge 
ments may cross streams at skewed angles or even on 

curves. Such bridges are difficult to work from because of 
constantly changing horizontal-angle corrections. 

9.4 Current Meter Measurements fiom Cableways-At 
sites where the frequency of discharge measurements is high, 
for example, as at a gaging station, a cableway may be 
erected to serve as a platform for measuring equipment and 
personnel'. The advantage of a cableway is that it can be 
located at the most suitable hydraulic features on a stream. 
The meter and sounding weight are suspended by cable from 
a sounding reel in the same manner as from a bridge. Most 
cableways are built to accommodate hand-powered cablecan. 
to carry the field person across the stream. A few larger 
installations are equipped with gasoline-powered cablecars. 

9.5 Current Meter Measurements fiom Boats-Small, 
lightweight boats, usually powered by outboard motors, are 
frequently used as a platform for making discharge measure- 
ments. Measurement sites can be selected on the basis of 
favorable hydraulic charactenstics. Heavy taglines are usu- 
ally attached to both streambanks to hold the boat in a cross 
section oriented perpendicular to the flow. Meter and 
sounding weight are suspended by cable attached to a boom 
extending over the bow of the boat, anddata-collection 
procedures are similar to those used on bridges and 
cableways. 

9.6 Current Meter Measurements Under Ice Cover-In 
regions where rivers freeze over during the winter, measure- 
ment of discharge through holes cut or drilled in the ice is 
common. Positioning of the current meter and the determi- 
nation of water depth are most commonly obtained with a 
wading rod. For deepswifi-moving streams, cable suspen- 
sion equipment is required. Sounding reels are mounted on 
specially designed sleds or stands and specially designed 
sounding weight hangers have been developed to pass 
through ice holes as small as 8 in. (200 mm) in diameter. 

9.6.1 The presence of an ice sheet on top of the water 
surface changes the way the water depth is computed. When 
an ice cover exists, it is necessary to compute the effective 
depth, that is, the depth of water beneath the ice cover. At 
holes cut with an ice chisel, chain saw, or ice drill, the total 
depth is measured from the water surface in the hole to the 
streambed. Then the distance from the water surface to the 
bottom of the ice layer is measured using an ice rod, 
L-shaped scale, or similar device. The effective depth is 
computed by subtracting the latter value from the total 
depth. In those cases where a thick slush layer exists below 
the ice cover, its thickness is determined by lowering the 
meter through it until it turns freely, then raising the meter 
until the rotor stops. The distance thus determined is then 
subtracted from the overall depth of water. The panial 
section area computation is made by multiplying the effec- 
tive depth times the width, which is obtained in the same 
manner as is an open-water wading measurement. 

9.6.2 The presence of ice cover can have the effect of 
added channel roughness and resistance to flow. Therefore, 
the shape of the vertical-velocity profile is altered. When 
velocity is obtained by either the 0.2 and 0.8 depth method 
or by measuring the vertical-velocity profile, the observations 
are used as in an open-water measurement. However, if the 
0.6 depth method is used, a coefficiegt of 0.92 is applied to 
the velocity observations to adjust for the added resistance of 
the ice sheet. An acceptable alternate procedure is to obtain a 
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velocity observation at 0.5 depth and apply a coefficient of 
0.88. 

10. Calculation 
10.1 In the velocity-area method of making a discharge 

measurement it is assumed that the velocity sample for each 
partial cross section represents the mean velocity in that 
section. The lateral extent of a given partial cross-section 
spans half the distance toward the preceding meter location 
and half the distance toward the next meter location. The 
vertical extent is from the streambed to the water surface at 
the vertical in which the meter is located. Observations of 
velocity are normally made along with measurements of the 
sounded depth. 

10.2 The total flow cross section (see Fig. 3) is defined by 
depths at locations 1, 2, 3, 4, 5,  . . . n. At each of these 
locations the mean of the v d c a l  distribution of velocity is 
approximated to the desired accuracy through a selected 
sampling technique of current-meter measurements. The 
discharge for the partial cross section at location x is then 
computed as: 

where: 

(7% = discharge through partial section x, 
“x = mean velocity at location x, 
bx = distance from initial point to location x, 
bcZ+l, =distance from initial point to center of next 

d .  = water depth at location x. 
Hence, the partial stream discharge through partial section 4 
(heavily outlined in Fig. 3) is computed as: 

partial section, and 

bs - b3 
94 = v4 [7-] d4 

10.3 Discharge computations at the end sections shown in 
Fig. 4 differ slightly in that there is no “preceding location” 
at location 1 and no %ext location” at location n. Therefore, 

However, dl is zero in the example and t h e d m  q1 must 
also be zero. The depth at location n is shown as a finite 
vertical distance, which could oocur at canal walls or at 
bridge piers and abutments. Because it is impossible to 

. EXPLANATION 
1.2.3 ............... n Observation points 
bl,b2,b3 .......... b, Distance, in feet, from the initial 

point to the observation point 
dl,d,,d3 .......... d, Depth of water, in feet, at the 

observation point 
Dashed lines 

heavily outlined discussed in text 
Boundary of partial sections: one  

FIG. 3 Definition Sketch of Mdaection Method of Computing Croar-Section Area for Discharge Mea&&enb 
(from Buchanan and S~merrr)~ 
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obtain a current-meter velocity measurement exactly at 
location n, the velocity is usually estimated as a percentage of 

e velocity measured at the preceding section. A "rule of 
umb" for selection of this correction is 85 to 95 %, Q epending on the roughness of the structure and the ob- 

served effect on the flowlines. End sections should therefore 
be chosen to have small widths. 

10.4 In case of narrow streams, the horizontal spacing of 
partial sections is partially dependent on the width of the 
current meter. Normal minimum section spacing for Type 
AA Price meters is 0.5 ft (1 50 mm) and for the Pygmy meter 
0.2 ft (60 mm). For exceptionally small measuring sections, 
where the total channeL width is about 2 ft (0.6 m) or less, 
section spacing as close as 0.1 ft (30 mm) improves the 
accuracy of the measurement. 

10.5 The summation of the discharges for all of the partial 
sections is the total discharge of the stream. 

10.6 In order to determine the velocity at a point with a 
current meter, it is necessary to immerse the meter at that 
point for a measured interval of time, usually 40 to 70 s. Do 
not begin timing until disturbances caused by inserting the 
meter have subsided. It is then necessary for the measure- 
ment process to span a period of time that is long enough to 
smooth and average out transient velocity fluctuations. 
When the timing interval is completed, the velocity value is 
found from a meter-rating table for the particular meter. 
Refer to Test Method DUO9 for guidelines on checking 
performance of rotating element current meters. 

10.7 Periodically remove the current meter from the 
water for examination during the measurement, usually 

hen moving from one vertical location to another. 
10.8 Take care to ensure that the current-meter velocity 
servations are not affected by upstream obstructions in the 

channel, random surface waves, and wind. 
10.9 As stated in 4.3, there are various recognized meth- 

ods of measuring the mean velocity in a vertical. Each 
method has its merits iepend,ing on the time available to 
make the measurement, the width of the stream cross section 
and depth of water, the streambed roughness, whether the. 
stage is changing, whether the flow is steady or unsteady, and 
type of current-meter suspension. Some of the relative merits 
and uses of the various methods are as follows: 

10.9. I The vertical-velocity curve method for determining 
a mean velocity value (see Fig. 11) normally requires aver- 
aging velocity readings taken at 0.1 depth increments over 
the interval between 0.1 to 0.9 of the depth. This method is 
valuable in determining coefficients for application to results 
of other methods. Generally, however, it is not used for 
routine discharge measurements because of the large amount 
of time required to collect nine velocity readings in each 
vertical in  order to compute each mean velocity. 

10.9.2 The two-point depth method (0.2 and 0.8 depth 
below the water surface) averages the velocities observed at 
these two depths in a vertical and this average is used as the 
mean velocity for that vertical. A rough test of whether or 
not the velocities at the 0.2 and 0.8 depths are sufficient for 
determining the mean vertical velocity is given in the 
following criterion: the 0.2-depth velocity should be greater 

this test is not met then the 3-point depth method should 
used. Experience has shown that this method gives more 

a! 

the 0.8depth velocity but no more than twice as great. 
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consistent and accurate results than any of the other methods 
except the vertical-velocity curve method. The two-point 
depth method generally is not used at depths less than 2.5 ft 
(0.76 m) because the settings for a large rotating element 
meter or 1.5 ft (0.46 m) for the pygmy meter would be too 
close to the water surface and streambed for dependable 
results. 

10.9.3 The six-tenths depth method (0.6 depth below 
water surface) uses the observed velocity at this depth as the 
mean velocity in the vertical. This method gives reliable 
results whenever the water depth is too shallow for applica- 
tion of the two-point depth method, whenever large amounts 
of slush ice or debris prevent observation of the 0.2 depth 
velocity for the two-point depth method, or whenever the 
stage or flow is changing rapidly and a measurement must be 
made quickly. 

10.9.4 The two-tenths depth method (0.2 depth below 
water surface) uses the observed velocity at this depth, 
multiplied by a coefficient, to obtain a value for the mean in 
the vertical. This method is used mainly during periods of 
extremely high flow when the velocities are great, making it 
impossible to obtain reliable velocity measurements at the 
0.8 or 0.6 depth. A general knowledge of the cross d o n ,  
the relative depths with stage, and the vertical-velocity c w e  
at the location are needed if it is impossible to obtain reliable 
depth soundings. A coefficient of about 0.87 is typically used 
as the multiplier for the velocity readings. A sizeable error in 
the assumed 0.2 depth is not critical to accuracy because the 
vertical-velocity curve at this point is usually nearly vertical. 
Normally, the two-point and six-tenths depth methods are 
preferred to this method because of their greater accuracy. 

10.9.5 The three-point depth method consists of mea- 
suring the velocity at 0.2, 0.6, and 0.8 of the depth, thereby 
combining the two-point and six-tenths depth methods. The 
mean velocity is obtained by averaging the 0.2 and 0.8 depth 
observations and then averaging this result with the 0.6 
depth measurement. This method is used when the velocities 
in the vertical are abnormally distributed. The depths must 
exceed 2.5 ft (0.86 m) before this method is used, if the 
measurements are being made with large rotating-element 
current meters. 

10.9.6 The subsurface method of velocity determination 
observes the velocity at some small distance below the water 
surface and converts this velocity determination to a mean 
velocity in the vertical through the use of a coefficient of 
0.86. The observation of velocity should be far enough below 
the water surface to avoid the effect of surface disturbances. 
This method is used when it is impossible to obtain reliable 
depth soundings. 

10.9.7 The surface method has limited .use but is appro- 
priate in such events as major floods. Floating debris or ice is 
simply timed over a known or estimated distance. In these 
circumstances, a knowledge of the vertical-velocity cume at 
the location and a reliable estimate of an applicable coeff- 
cient is needed to convert a surface velocity to a mean 
velocity in the vertical. A coeflicient of about 0.85 is 
commonly used. The surface or float method is appropriate 
when it is impossible to use a current meter because of 
excessive velocities and depths, or' where velocities and 
depths are too low for a current-meter measurement. 
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1 1. Precision and Bias 
11.1 Determination of the precision and bias for this test 

method is not possible, both at the multiple and single 
operator level, due to the high degree of instabiIity of open 
channel flow. Both temporal and spatial variability or the 
boundary and flow conditions do not allow for a consent 
standard to be used for representative sampling. A minimum 
bias, measured under ideal conditions, is directly related to 
the bias of the equipment used and is listed in the following 
sections. A maximum precision and bias cannot be esti- 
mated due to the variability of the sources of potential errors 
listed in I 1.3 and the temporal and spatiall variability of open 
channel flow. Any estimate of these errors could be very 
misleading to the user. 

11.2 In accordance with 1.6 of Practice D2777. an 
exemption to the precision and bias statement required by 
Practice D2777 was recommended by the results advisor 
and concurred with by the Technical Operations Section of 
the Committee D-19 Executive Subcommittee on June 7, 
1989. 

I 1.3 The accuracy of a flow measurement by the velocity- 
area method is directly related to the following: 

11.3.1 The accuracy in the total and section width mea- 
surements. Where the measurement of the width between 
vcnicals is normally based on distance measurements from a 
reference point on the back, the error is usually negligible. 
Normally, width measurements are made and recorded to I 
ft (300 mm) units, except when partial section widths are less 
than 1 ft (300 mm) in which case measurements to 0.1 R (30 
mm) units are used. Where the measurements are by optical 
means, the errors will depend on the distance magnitudes 
and equipment used. 

11.3.2 The errors in measuring the depths relate to both 
individual soundings and readings of the water level. These 
errors can be extremely variable depending on the depth and 
roughness of the channel, velocity of flow, stability of the bed 
materials, roughness of the water surface, distance of ob- 
server above the water surface, and adequacy of sounding 
weights. When discharge measurements are made by cable 
suspension from bridges or cableways, depth observations 
are generally recorded to 0.1 ft (30 mm). For wading 
measurements, where the depths are small and the techni- 

' cian is close to the equipment, depth readings to 0.02 R (6 
mm) to 0.05 ft (15 mm) are possible. 

11.3.3 The errors in determining point velocities in a 
vertical will depend on the accuracy of the measuring 
equipment (current meter), the method used for velocity 
measurement (see IO.9), the accuracy in placement of the 
current meter, the duration of the velocity sampling period, 
closeness to boundaries, and the irregularity of the velocity 
distribution in time and space. Meters should not be used to 
sense velocities outside their calibration limits. Velocity 
observations are generally recorded to two decimal places, in 
feet per second (5.28 fi/s or 1.61 m/s), except at extremely 
low flow, where threedecimal accuracy may be used (0.233 
ft/s or 0.068 m/s). 

I I .3.4 The overall errors in determining stream discharge 
by the velocity area method relate particularly to the choice 
of the number of verticals and to the number of measure- 
ment points in each vertical. Errors will also depend on the 
width of channel, the ratio of width to depth, the method of 
computation used, and the irregularity of stream velocity in 
time and space. Measured discharge is generally calculated to 
threesignifmnt figure accuracy.' 

11.3.5 It has been shown that discharge me&uremenu 
having 30 partial sections and using the two-point depth 
method of observation, with a 45-s period of observation, 
will have a standard error of 2.2 %. This means that two 
thirds of the measurements made using this procedure would 
be in error by 2.2 % or less. It has also been shown that the 
standard error is 4.2 9% for a 254 period of observation, using 
the 0.6 depth method of velocity observations, with depth 
and velocity observed at 16 partial sections. The error caused 
by using the latter shortcut method is generally less than the 
error that can be expected by shifting of flow patterns during 
periods of rapidly changing stage. 
12. Keywords 

discharge 
12.1 discharge measurement; open channel flow; water 

' Cater. R. W.. and Anderson. I. E.. "Accuracy of Cumt-Meter M a a u e -  
menu." Journal of l e  Hydraulics Division-Praerdings of the American W u y  
of civil Engineers. Vol 89. No. HY 4, July 1963, American Society Of civil 
Engincm pp. 105-1 IS. 

8 



@ D3858 

REFERENCES 

) m r .  R. W., and Davidan, Jr., "General Roccdurrs for Gaging 
Sucams," US. Geological Survey, Tpchniques o/ Wafer Resources 
Investigations, Book 3, Chapter Ad. 1968. 

(2) Buchanan. T. J, and S o m a ,  W. P.. "Discharge Measurements at 
Gaging Stations,' US. Geological Survey, Ttxhni- of Wafer 
Rbources Invedgtztions, Book 3, Chapter A-8, 1969. 

(3) Smoot, G. E.. and Novak, C. E. "Calibratkn and Mainkname of 
Vertical Axis Type Current M-" US. G c o I ~ d  Sumy, 
Techniques of Wafer Resources Invesfigolions, Book 8. Chapter 
5 2 .  1968. 

(4) US. Bureau ofRcclamation. WaferMeasuremenf Manual. Second 
Edition Rcvivd Reprint 1974, US. Government Printing Oflice. 
1974. 

(5) Rants S. E., "Measurement and Computation of Streamflow." 
Measurema of Stage ond D1JClmrgc. Vol I, Water Supply Paper 
217s. 1982. 

(6) IS0 SIOndord 74&1979€-Measurrment of Liquid Flow in Open 
Channels, Intanational Standards Orpanization. 1979. 

(7) Nafiond Handbook of Recommended Methotis for Wafer Data 
Aqtlisifion. US. Geological Survey, 1977. 

G 

. 
9 



This page intentionally blank 



1 L 

1 L 



GJO GA-l(P)' 
12/98 Rev. 0 

Standalrd Practice for Preparing or Revising 

1. Scope 

1.1 This practice describes the preparation, 
review, approval, and distribution of procedures 
in the GJO Environmental Procedures Catalog 
(GJO 6). 

1.2 The procedures in this catalog are not 
intended to address all of the details and 
variations that might apply to an individual 
project. Therefore, a site-specific plan or other 
,project-specific document will describe in detail 
the work that will be performed and will identify 
procedures from the GJO Environmental 
Procedures Catalog (GJO6) that will be used. 

2. Hazard Analysis 

2.1 No hazards requiring controls have been 
identified. Site-specific controls are available in 
the Health and Safety IPlan for a particular 
project. 

3. Referenced Documents 

3. P American Society for Testing and IMaterials 
(ASTM). Form and Style for ASTM Standards, 
10th Edition, Philadelphia, PA, August 1997 

3.2 GJO Environmental Procedures Catalog 
(GJO 6): IProcedure GA-3CP). "Standard Practice 
for Quality Assurance" 

3 3 GJO Training Manual (GJO 4): Section 8 0, 
"Environmental Qualification Procedure" 

4. 'Responsibilities 

4.1 Technical Manager, MACTEC-ERS 
Geosciences has overall responsibility for the 
GJO Environmental Procedures Catalog 
(GJO 6) as definedl by Task Order which includes 
management of the catalog and implementation 
of the qualification system as defined in 
Section 8.0 of GJO 4. 

4.2 IEnvironmental Procedures Advisory 
Committee (EPACFA combined FOSflAR 
contractor group of professionals with expertise 

in particular areas who serve as advisors to 
address questions and problems relevant to the 
GJO Environmental Procedures Catalog 
fGJ0 6)  and the associated training. 

4.3 EPAC Catalogflraining Coordinator is the 
point contact for procedure revisions and 
distribution. The current electronic and paper 
versions of each procedure are maintained by the 
catalog coordinator. The coordinator also 
maintains the training qualifications and provides 
input to the Training Information System. 

4.4 EPAC Technical Leads manage a section of 
the catalog. Their duties include assigning a key 
proficient person to each of the procedures, 
oversight for revisions to and reviews of 
,procedures, and approval of project-specific 
changes to procedures. 

I 

11 

5. Terminology 

5.1 Acceptance criteria-Specified limits, 
requirements, or tolerances placed on the 
variation permitted in the characteristics of an 
item, process, report, data, or service as defined 
in codes, standards, drawings, specifications, 
procurement documents, or other requirements 
documents. The criteria must be definitive for 
decision-making purposes but might not be 
related to instruments or measurements 

5 2 Environmental Procedures Advisory 
Committee (€PAC)-See paragraph 4 2 

5.3 Guide-A procedure that outlines a 
suggested approach through a series of options 
or instructions but does not recommend a specific 
course of action. 

5.4 May-In procedures, a suggestion only. 

5.5 Must-In procedures, a requiredl action. 
Synonymous with "shall" and "willl". 

5.6 Planning document-A document prepared 
to guide a project or task. These documents may 
be called Work Plans, Sample and Analysis Plans, 
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project plans, or task plans, depending on 
sponsor requirements. 

5.7 Practice-A definitive procedure for 
,performing one or more specific operations or 
functions that does not produce a test result. 

5.8 Procedure-Steps to perform, explain, or 
accomplish a task. As used in this catalog, a 
procedure may be a practice, guide, or test 
method. 

5.9 Qualified-An employee who ,has met the 
requirements for a specific position or task. 

5. IO Shall-In procedures, a required action 
Synonymous with “must” and1 “will’’. 

5.11 1 Should-In procedures, a 
recommendation. 

5.12 Test method-A definitive procedure for 
the identification, measurement, and evaluation 
of one or more characteristics of a material, 
product. system, or service that produces a test 
result. 

5.13 Training Information System-A central 
database providing an electronic record of 
personnel training. 

5.14 Will-In procedures, a requiredl action. 
Synonymous with ”must” and “shall”. 

6. Significance and Use 

6.1 The catalog is intended to be a source of 
information that may be used with the minimum 
administrative burden that is consistent with 
control of activities. The procedures may be used 
as written or they may be modified by the method 
discussed in Section 8 “Changes to Procedures.” 

6.2 This practice is for use by any personnel 
preparing procedures for the GJO 
Environmental Procedures Catalog (GJO 6). 
From the standpoint of technicall accuracy, this 
practice will ensure that ,procedures are complete 
and scientifically sound. From the standpoint of 
usability. the practice will ensure that procedures 
are uniform and will help the user find 
information easily and understand it quickly. 

6.3 All new. revised. or adopted procedures in 
this catalog will adhere to this practice. 

7. New Procedures 

7.1 New ,procedures may be needed to support 
new work, changes in work scope, new 
technology or instruments, or improved methods. 
When the needl for a procedure to be added to 
the catalog is known, the EPAC will review the 
suggested procedure to determine if it is 
appropriate for inclusion. 

7.2 Types of Procedures-Three categories of 
procedures are defined for this catalog on the 
basis of ASTM guidelines. These categories are 
practices, guides, and test methods. 
Development of the text will be based on the 
determination of which of these three categories 
best describes the procedure being prepared. 
Other types of ,procedures defined in ASTM may 
be used, if more appropriate. See reference 3.1, 
for more information. 

7.2.1 Examples of practices include selection, 
,preparation, application, inspection, necessary 
precautions for use or disposal, installation, 
maintenance, and operation of testing apparatus. 
Examples of guides indude reference lists, general 
considerations, and glossaries. The following list 
describes headings to be included in a practice or 
guide. See reference 3. I, for more detailed 
information on practices and guides. 

Title (mandatory) 
Scope (mandatory) 
Hazard Analysis (mandatory) 
Referenced Documents 
Terminology 
Summary of Practice (or Guide) 
Significance and Use (mandatory) 
Reagents (including materials or 
equipment) 
Procedure 
Report 
Precision and Bias (for included tests and 

Keywords (mandatory) 
Annexes and Appendices 

analyses) 

7.2.2 Examples of test methods include 
determination of fundamental properties of 
materials and a variety of field and llaboratory 
analytical or measurement procedures. ;The 
following list describes headings to be included in 
a test method. See reference 3.1, for more 
detailed1 information on test methods. 

t 1  
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Title (mandatory) 
Introduction 
Scope (mandatory) 
Hazard Analysis (mandatory) 
Referenced Documents 
Terminology 
Summary of Test Method 
Significance and Use (mandatory) 
Interferences 
Apparatus (includes equipment) 
Reagents and Materials 
Sampling, Test Specimens, and Test 
IUnits 
Preparation of Apparatus 
Calibration and Standarditation 
Conditioning 
Procedure (mandatory) 
Calculation or Interpretation of Results 

Precision and Bias (mandatory) 
Keywords (mandatory) 
Annexes and Appendices 

Report 

7.3 Procedures will adequately describe the work 
so that a qualified person could use the procedure 
to perform work. The procedure will describe 
responsibilities and interfaces, delineate the 
method and sequence, and provide a means of 
recording data when appropriate. Acceptance 
criteria will be identified when applicable. 

7 3.1 Additional quality assurance concerns for 
procedures are available in Procedure GA-3(P), 
“Standard Practice for Quality Assurance”. 

7.4 Each procedure shall contain a section titled 
“Hazard Analysis,” that identifies each potential 
hazard inherent to performance of the procedure. 

7 4 1 Each procedure shall identify the potential 
hazards on a Hazards Identification Chart 
(Figure 1) by marking those hazards with a “Y” in 
the ‘‘Y/N” column. Hazard evaluation should not 
include site-specific hazards such as heat stress or 
contamination; these hazards are addressed in 
site-specific Health and Safety Plans. 

7 4 1.1 For each hazard, the need for controls 
and the level of risk involved in performing the 
procedure shall be evaluated. Each hazard and 
any action necessary to implement a control shall 
be specified as a separate paragraph in this 
section 

7.4.2 The completed Hazards Identification 
Chart will be included in the procedure review 
package. The chart should not be included as 
part of the procedure. The chart is intended to 
assist reviewers in independently evaluating the 
procedure. 

7.4.3 If no hazards requiring controls are 
identified, the Hazard Analysis section should 
contain the following text: “No hazards requiring 
controls have been identified. Site-specific 
controls are available in the Health and Safety 
Plan for a lparticular project.” 

7.5 Procedure Format-The format of 
procedures will follow the Form and Style for 
American Society for Testing and Materials 
(ASTM) Standards, reference 3.1, as amended 
by this procedure. When preparing procedures, 
the modified decimal numbering system (see 
reference 3.1) will lbe used to number divisions in 
the text. The divisions are numbered to show 
subordination of items within a section (e.g., l., 
1.1, 1.1.1. and 1.1.1.1 show the order of 
subordination). 

7.6 Miscellaneous Points of Style 

7.6.1 Units of Measurexonsistent units of 
measure will be used throughout the procedure. 
Units of measure are always spelled out the first 
time they appear in the text and any time they 
are not preceded by a value. I 

7.6.2 Uppercase Letters-Do not use 
uppercase letters when writing text or numbered 
text headings (e.g., “5.5.9 Uppercase Letters,” 
not “5.5.9 UPPERCASE LETTERS”). Use of all 
uppercase letters is acceptable in trade names, 
equations, variables, etc. 

7 7 Text should be provided to the coordinator 
of the catalog on disk or by e-mail. The disk 
should be accompanied by a printed copy of the 
text and all figures or forms to be included in the 
procedure. The coordinator will ensure that the 
procedure is in the proper format, assign the 
procedure number, coordinate reviews, and assist 
in comment resolution 

Environmental Procedures Catalog 3 
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HAZARDS IDENTIFICATION CHART 

ProcedurelNo AQ - 1 7 Performed By She /<:a; 
The following hazards shall be considered The list may not be complete Add any other identified hazard 
to the list On an attached page describe each identified hazard along wlth controls needed 

Date I a / ,  1% 

Potential Hazard YIN 

Electrical Sources 
Capacitors . . . . . . . . . . . . . . . . . .  - 
Transformers - 
Batteries . . . . . . . . . . . . . . . . . . .  
Exposed Conductors . . . . . . . . . .  - 

. . . . . . . . . . . . . . . .  
- 

- 
Other'High Voltage . . . . . . . . . . .  - 

Motion Sources 
- 

Gear . .  . . . . . . . . . . . . . . . . . . . . .  

Gravity-Mass Sources 

Tripping, Slipping . . . . . . . . . . . . .  - 
Earthquake . - 
Confined Gases . . . . . . . . . . . . . .  2- 
Explosives . .  
Noise - 
Chemical Reactions . . . . . . . . . .  - 
Stressed MschanicalmSystem . . .  - 
Corrosive Ma:irials . . . . . . . . . . .  
F,lammable Materials . . . . . . . . . .  
Toxic Materials . . . . . . . . . . . . . .  - 
Pathogenic Materials . . . . . . . . . .  - 
Carcinosenic 'Materials . . . . . . . .  - 

. . . .  . . .  
Pressure Sources 

- 
. . . . . . . . . . . . . . . . . . . . . .  

Chemical Sources 

Radioactive Materials - 
Oxygen Deficiency . . . . . . . . . . .  - 

Potentia I Hazard 

Heat Sources 

Flames ..................... 
Solar . . . . . . . . .  
Friction . . . . . . . . . . . . . . . . . . . . .  - 
Spontaneous Combustion - 

Ice. Snow, Wind: Rain - 

. . . . . .  
Cold Sources 

Cryogenic Materials . . . . . . . . . . .  - 
......... 

Radiant Sources 
Intense Light . . . . . . . . . . . . . . . .  - 
Lasers ...................... - 
X-rays, Ionizing 'Radiation . . . . . .  - Ultraviolet (UV) . . . . . . . . . . . . . .  - 
Infrared Sources . . .  - 
Electron Beams . . . . . . . . . . . . . .  - 
Magnetic Fields - 
RF Fields, Microwave, Radar . . .  - 

Other Hazards 

Figure 1 .  Example of a Hazards Identification Chart 
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7.8 Procedure Numbering-Procedures in this 
catalog will1 be assigned a number in the following 
format: XX-N(A) 

where: 
XX = GA (General Administrative 

chapter) 
GT (General Technical chapter) 
SL (Solids chapter) 
LQ (Liquids chapter) 
GS (Gases chapter) 
GP (Geophysical Measurements 

RD (Radiological Measurements 
chapter) 

chapter) 
N = The sequential number of the 

procedure within the chapter 
(A) = Type of procedure: Practice (P), 

Guide (G), or Test Methodl 0. 

7.8.1 For example, General Considerations for 
the Sampling of Liquids is the first procedure in 
the Liquids chapter and is numbered LQ-1(G). 

7.8.2 Tihe procedure number is indicated on the 
upper right-hand corner of each odd-numbered 
page (This position is reversedl on even- 
numbered pages.) 

7 .9  Procedure Date and Revision-The date 
and revision number of the procedure are 
indicatedl immediately below the procedure 
number. The date will appear in month and year 
format with the revision number directly 
following. For example, 1/91 Rev. 0 was issued 
in January 1991 and is the initiallversion. 

7. IO "GJO" will appear on the upper lleft-hand1 
corner of each odd-numbered page. (This 
position is reversed on even-numbered pages.) 

7.11 The catalog coordinator should be 
contacted for questions regarding new 
procedures 

8. Changes to Procedures 

8 1 Changes to Existing Catalog 
Procedures-When changes to a procedure are 
required. the originator shall submit a hard1 copy 
and/or electronic copy of the proposed revision 
to the catalog coordinator. For questions, 
contact the catalog coordinator. 

8.1.1 If only editorial changes are needed, and 
the changes do not affect the safety or the quality 
of work performed or data generated, the 
changes may be made without going through the 
formal reviews that are requiredl for technical 
changes; however, the changes must be approved 
by the EPAC Chair. A procedure for which only 
editorial changes are implemented will be given a 
new revision number and a new date. When 
such a procedure is distributed, it should be 
accompanied1 by a statement that the changes are 
editorial only. 

11 
11 
I~ 

8.2 Project-Specific Changes to Procedures- 
Changes to a procedure might become necessary 
during project planning or during field operations. 
Records of review and approval for these changes 
will be included in the project records. These 
changes should be considered for incorporation in 
the GJO Environmental Procedures Catalog 
(GJO 6) if the same changes are made 
repeatedly. 

8.2.1 Procedures from this catalog that will be 
used on a specific lproject in planning documents 
should be identified in those documents. 
Modification of a catalog procedure made during 
planning for the project will be through an 
addendum that is documented on the Document 
Additionflevision form (Figure 2) and approved 
by the Project Manager. 

8.2 2 Changes that are needed during field1 
operations will be documented in the field log and 
on the Document Additionblevision form. The 
documented changes and a copy of the 
procedure will be given to the Project Manager or 
designee for review and approval. The review 
must include a technical review by the original 
author or reviewers who have comparable 
technical knowledge. The approval will be 
documented on the Document AdditionBevision 
form and appended to the procedures that are 
used in the field 

8.2 3 The Project IManager is responsible for 
evaluating each revision of a catalog procedure 
included as part of the project documents to 
determine if the revised procedure should replace 
the version that is currently in use for that project. 

8.3 Adopting lndustry-Recognized 
Procedures-When possible, programs should 
use existing industy-recognized procedures with 
an addendum rather than write new procedures 

Environmental' Procedures Catalog 
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Environmental Procedures Catalog 
Doc urn en t Addi t ion/Revision 

- 
Requester . _A DC-. /!<,:n q ................ - .. . . . . . . .  ... 

.. - .  .- - - - . . . . . . . .  .- .............. _. ............. - ........ .- - . . .  

. _ _  . . .  

.. - .- - .... _ _ _ _ _  _ _  - _- -- 
. . - ... . -~ ...... _. 

Proposed Changes (list here or attach copies) 

SGC L.#&AJ ................. - -  . 
. . . . . . .  ......... . . .  ....... 

. . .  ....... . . .  . . . . . . .  . . . . . . . . . . . . .  

.~ ~ . . . . .  

. . .  ............. ...... . .- - -. 

~ ~ ~~ 

0 New Document 

I@ Change to Procedure 

10 Adopt Procedure 

Approval for Inclusion in Envrronmental Procedures Catalog Procedure Number Assigned 

Environmental Procedures Advrsory Commitfee Chair Date 

Project-Specific Changs for . - - . - - - . - -- 
Pmjeci- 

Revie.vbd 
by Technicalhth%> or 

Proficient Person 

Approved by -. - _ _  __ - 
Date- Manager or Designee Date 

Effective Date . - 

t:O 17376 
1 I S 3  

Figure 2. Example of a Document Additional/Revision Form 
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for the catalog. The addendum will be titled 
“Technicall Comments on (industry procedure 
number and title)” and shall include references to 
the numbered sections in the existing procedure 
that are being modified. A separate Hazard 
Analysis section and, as appropriate, specific 
sources of required equipment or supplies and 
quality assurance requirements should be added to 
the addendum. Any added sections will be 
numbered sequentially starting with the number 
following the last section of the industry 
procedure. 

8.3.1 Industry-recognized procedures from 
source documents published by the U.S. 
Environmental Protection Agency, ASTM, U.S. 
Department of the Interior, National Water Well 
Association, American Petroleum Institute, or 
other recognized organizations should be used, if 
possible Permission from the sponsoring 
agency, such as ASTM may be required to 
produce and distribute the procedure. 

9. Procedure Review, Publication, 
Approval, and Distribution 

9.1 Procedure Review-Each new, revised, or 
adopted procedure in this cataloq will1 be sent to 
quaiified iechnical individuals and personnel from 
environmental, safety, and quality groups for 
review Editorial changes, as described in Section 
8 1 1 require review only by the EPAC Chair. 

9 1. I The catalog coordinator sends a copy of 
the procedure along with a Record of Review 
form (see Figure 3 for front page) and Hazards 
Identification Chart (for new procedures) to each 
reviewer. Comments must be resolved by the 
author and/or coordinator before submitting the 
procedure for publication. 

9 2 Publication of Procedures-The catalog 
coordinator arranges for production of additions 
or changes to the catalog 

9.2.1 Release of each revision to the catalog will 
require issuing a new table of contents. The table 
of contents lists each procedure within a chapter 
and the current date and revision number 

9.2.2 Change bars indicate revised material in 
the procedures and table of contents. 

9.3 Procedure Approval-A copy of the final 

AdditionIRevision form is submitted to the 1EPAC 
Chair for approval before the procedure is 
released and distributed. A record of the 
approval will be maintained by the catalog 
coordinator. 

9.4 Distribution of Procedures-The catalog 
coordinator, in cooperation with the Contractor 
Document Control Specialist, will distribute 
copies of the catalog to library locations on the 
distribution llist. 

11 
I 

10. Procedure Access 

10.1 Procedures may be copied directly from the 
catalog, marked as “Uncontrolled Copy”, and 
inserted into other documents, such as Sampling 
and Analysis Plans. Catalog procedures may be 
identified in the documents by reference only; 
however, it is recommended that they be 
physically attached’ to the documents. 

I 

E 1. IRecords 

11.1 A historical lhard copy of each version 
(revision) of each procedure will be maintained by 
the EPAC Catalogpraining Coordinator. I 
Records of review and comment resolution will be 
maintained1 for the current version of each 
procedure; such records of previous versions may 
be destroyed. 

12. Keywords 

12.1 ASTM, guide, hazard analysis, practice, 
procedure, review, and test methodl. 

procedure along with a completed Document 
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Procedure Tile: Standard Practice for Quality Assurance, GA-3(P), Rev 0, 12/98 

Requesder: Farlie Pearl, QA Coordinator 

Justifhation: The applicable Quality Assurance (QA) requirements are incorporated or referenced 
within the text of the Monticello Mill Tdlings Site Operable Unit III Interim Remedial Action 
Surface.Water and Ground Water Monitoring Program (MAC-MSGRAP 1.3.5-2, Rev. 1, April 
1999) to meet project needs and apply QA requirements in a graded manner as prescribed by the 
Monticello Projects Quality Asnaance Program Plcm (MAC-MRAP 1.3.10, Rev. 9, July 1998), 
and as directed in DOE Order 5700.6C. 

Proposed Change: The ‘Standard Practice for Quality Assurance”, procedure GA-3(P) fiom the 
Environmental Procedures Catalog (manual GJO 6) is applicable as the QA program for the 
Monticello Mill Talings Site Operable Unit 111 Interim Remedial Action Swjiace Water and 
Ground Water Monitoring Program. See Attachment 1, which lists each program element and 
adapts the requirements to the needs of the project by noting “no change”, ‘modification”, or 
’clarification” as applicable to the element. 

Authorization for Changes to Catalog Procedures 

0 New Document Change to Existing Procedure 0 Adopt Procedure 

Procedure Number Assigned 

Procedure Tde 

Approval for Inclusion in Environmental Procedures Catalog: 

Enwonmental Procedure Advlsov COmmntee Chair Date 

Authorization for Project Specific Modifications to Existing Catalog Procedures 

Project Specific Change for h4WS ODerable Unit III Interim Remedial Action Sudace Water and Ground . 
Water Monitorinn - Propram (MAC-MSGRAP 1.3.5-2) 

Effective Date A~ri l5 .  1999 

GJO 17870 
‘REV. 3/99 
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The following clafications are made to the QA program implemented through &e MM73 Opereble Unit 111 lntenin 
Remedial Action Surface Wafer and Ground Water lwonitoring Program: 

6.1 QA Program - C W f t h :  The Qual~ty Assurance Program will be implenentcd thrmrgh the 

(MAC-MSGRAP 1.352) and the procedrpes attached ta 01 refaenced in the p h .  (- 

established 
anddocumentedintheoperableUnit~InterimRemedialActionSurfeceWatnand~~WataMollltoringPro~ 

6.2 QA Coordinator Responsibiiifies - C m  : A separate QAPlan is notnquvedfarthis wurk. The Standard- 

1) 

Level QA requirements are mcarporated in the Operable Unit IIIInterimRemedial Auim Surfhce Water and Ground Water 

(marmal GJO 1). (- cr#abn i ond gcu~ 1.4 ond 1.n 
Modorhg Progrem and by the u ~ e  of- GA-3(P). end relevant a MOIIS in the GJO QA Standards 

6.3 Planning- No change (~CWMW clllabn i ~d QAIS i s ~ d  6.3) 

6.4 Readiness Reviews - ClaMidm: A documented Activity Review or WWR is not reqmed for this scope of work. 
Field pasannel are responsible for asswing that procedures, esuiplnens supplies, and logistics far amducth g the sampling 
are adequate and ready far the job. The field "Lend" is responsible for assuring project doclrments are available at the work 
locationsandthattrainingrequirementsfortcammembashavebedl~d. (-mi end~~lsisendi.8) 

6.5 Training - ClariTpcation: Mciency qualilicaticms apply to the "Lead" field persome1 responsible for mdependently 
unplementing EPC procedures d o r  direding the activities ofother team members t h u g h  this field sampling plan. 
Proficiency requirements are specitied in Section 8 of the GJO Training Manual (manual GJO 4). Project Health and Safety 
(Hsts) training requirements will be maintained as specified by the Monticello prslects H&S Plan (MAC-MRAP 1.3.4). 
(-c-2) 

6.6 Procurement Control - Qarifiition: These requirements apply to the purchase of sample ccmtainers. The DOE-GJO 
Analytical Laboratory will perfom analytical Savices. Ifanalyhcal services are subcontracted QApasormel will mew 
thepmxementdocuments (-0danon7sndw7~) 

a 
6.7 

6.8 

6.9 

6.10 

6.1 11 

6.12 

6.13 

6.14 

Procedure Requirements - ClariTcation: The Program Directive Roce&re, Chapter 9 m the Mont~cello Desk 
Procedures Manual (manual MAC-3005) will be used to make interim changes to the plan. Program Directives will be 
rncorporated into subsequent revisions to the plan as appropriate. Section 8.2 of procedure GA-I(?) is applicable for 
modifying EPC procedures to meet project requiranents during p h g .  Field deviations b m  requuwnents spexAed m 
the plan or pmcedum will be thoroughly documented as a Field Variance and the information will be used during data 
m e w  and evaluation and, BS appropriate, for nonconformance reporting (mfemm cdmm 5) 

Calibration Control - No chmge (~CWS- c r i t h  8 snd QAI 8 2 )  

Field  cume en tat ion -NO change (w oimh 5) 

Sample Identification and Control - NO channge (mf- c- 9 

QA Objective for Measurement Data - NO &mge (- QAIS i .r snd 63) 

Document Reviews - ClariTication: As a minimum, d p d e n t  reviews of logbook and data sheet entries will be 
perfmd and documented at the ccmdusion of the sampling event. (mfamnm cmenon 9 

Nonconformance Control -NO eapange (rsrersna, QAI 3.4 

ConectiVe Action -Nochange s n d ~ ~ l s i 3 o n d 3 s )  

independent Assessments - C k H i i n :  Independent ~ssessments may be pafanned memally through 
surveillane, field visits, or document m e w s .  External Audit or Assessment may be conducted by the regulators. Findings 
resultingficm independent assessments (both intemal or extemal) will be respondexit0 in atimely manner and corrective 
actionswillbe- tracked, and verified complete in accordance with the requirements of Criterion 10 in the GJO 
QA Standards (manual GJO 1). (rdwenm cnterton i o  and cws i o 2  and 103) - 
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Standard Practice for Quality Assurance 
1. Scope 

1.1 This practice applies to all activities that willi 
be conducted in accordance with the procedures 
in this catalog. The GJO QualityAsscuence 
Standards (GJO 1) is the basis for this standard 
practice. Project leads should notify the QA 
manager of new projects or activities to ensure 
adequate evolution of quality issues. When a 
program-specific Quality Assurance Program 
Plan (QAPP) exists, the Work Plan will prescribe 
implementation of the site-specific requirements 
of the QAPP. Responsibility for the quality of 
work rests with those performing the work. 
Quality Assurance (QA) Groups support 
lprograms and projects by the assistance of a QA 
Coordinator andl through monitoring and 
sunreillance activities. 

2. 'Hazard Analysis 

2.1 No hazards requiring controls have been 
identified for this Dractice. Sie-sDecific controls 
are specified in $e Health and Safety Plan for a 
particular project. 

3. Referenced Documents 

3.1 Title 10, U.S. Code of Federal Regu/8tions, 
Part 830, Section 120 (10 CFR 830.120), 'Qualii 
Assurance Requirements" 

3.2 GJO Training Manual (GJO 4) Section 8.0 
"Environmental Qualification Procedures" 

3.3 GJO Environmental Procedures Catalog 
(GJO 6) 

Procedure GA-1 (P), "Standard Practice 
for Preparing or Revising Procedures for 
the GJO Environmental Procedures 
Catalog" 

Procedure GA-2(P), "Technical 
Comments on ASTM D 5283-92- 
Standard Practice for Generation of 
Environmental Data IRelated to Waste 
Management Activities: Qualii 
Assurance and Qual9 Control Planning 
and Implementation" 

Procedure GT-1 (P), 'Standard Practice 
for Field Documentation Processes" 

for Sample ILabeling" 

Procedure GT-3(P), 'Standard Practice 
for Chain-of-Sample-Custody Control 
and Physical Security of Samples" 

3.4 Contractor's Procurement Manual1 

3.5 GJO Qu8lityAssurance Standards (GJO 1) 

Criterion 1, 'Quality Assurance Program" 

' Quality Assurance Instruction (QAI) 
1.3, 'Suspension of Activities" 

Criterion 3, 'Quality Improvement" 

QA13.4, 'Nonconformance 
Reporting, Disposition, and Closure" 

QAl3.5, 'Corrective Action Request 
System" 

Criterion 8, 'Inspection and Acceptance 
Testing" 

QAI 82, 'Calibration System" 

4. Terminology 

4.1 Assessment4 independent planned and 
documented assessment performed to 
determine by investigation, examination, or 
evaluation of objective evidence the adequacy of 
and compliance with established instructions, 
procedures, drawings, or other applicable 
documents, and the effectiveness of 
implementation of requirements. 

4.2 Calibration-comparison of measurement 
equipment with reference standards of greater 
accuracy to detect, quantify, report, and eliminate 
inaccuracies. Calibration may include 
adjustment or alignment, depending on the 
as-found condition of the equipment. 

4.3 Controls-Documented administrative rules, 
orders, instructions, procedures, policies, 
practices, and designations of authority and 
responsibility. 

Procedure GT-2(P), 'Standard Practice 
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4.4 Corrective actiodeasures taken to 
reduce or eliminate conditions adverse to q u a l i  
and, where necessary, to prevent recurrence. 

4.5 Corrective Action Request (CAR)--A 
document used to identify significant conditions 
adverse to quality, identify corrective action, and 
record verification of corrective action taken. 

4.6 Deviation44 departure from specified 
requirements or procedures. 

4.7 DocumentAny written or pictorial 
information describing, defining, specifying, 
reporting, or certifymg activities, requirements, 
procedures, or results. A document is not 
considered to be a record until i€ includes actual 
data, results, or information and is authenticated. 

4.8 Documentation44 body or group of 
documents; or the process of generating 
documents or assembling of a group of 
documents. 

4.9 Document confmkThe act of assuring that 
documents are reviewed for adequacy, approved 
by authorized personnel for release, and 
distributed to and used at locations where the 
actnrity is performed. Document control includes 
assuring changes to the documents receive the 
same controls as the originals. 

4.1 0 Indoctrination and Training-All of the 
actions necessary to assure that personnel are 
properly trained1 to manage or perform activities 
that affect quality, such as classroom sessions, 
on-the-job training, or required reading. 
Employees must lbe familiar with and understand 
the purpose, scope, and implementation of the 
QA Program as it applies to their work. 

4.1 1 lnterface-lnteraction among individuals, 
groups, or organizations. 

4.1 2 Measurement and Test Equipment 
(MBE'Devices or systems used for 
calibrating, measuring, gauging, testing, or 
inspecting to control, to acquire data, or to verify 
conformance to specified requirements. M8TE 
includes devices or systems used to acquire 
research, development, or test data or to 
determine compliance with design, specifications, 
or other technical requirements. Systems used 
for measurement or testing include components 
from the sensing element through the output or 
recording device. 

4.13 Nonc0nfomance-A deficiency in a 

characteristic, procedure, or documentation that 
renders the quality of an item unacceptable or 
indeterminate. Examples of nonconformances 
include. but are not limited to, physical defects; 
test failures: incorrect or inadequate 
documentation; and deviations from prescribed 
processing, inspection, test procedures or other 
documented technical requirements. 

4.14 Nonconfimnance Reprt (NCR)-The 
document used to Ireport the identification and 
disposition of nonconformances. 

4.1 5 Planning documen&A document that 
specifies the work to be completed, sampling 
strategies, tests required. level of quality control 
(QC) applied, personnel assignment and 
responsibilities, and deliverables. Some projects 
may require Field Samphg and Analysis Plans 
or other specified planning documents. 

4.1 6 Pr0cedum-A document that systematically 
specifies or describes the way an activity is to be 
performed. As used in this catalog, a procedure 
may be a test method, practice, or guide. 

4.17 Procurement document4urchase 
requisitions, purchase orders, drawings, 
subcontracts, specitications, and instructions 
formally approved and used to perform the 
procurement process. These documents define 
the requirements that must be met before items 
or services may be accepted. 

4.1 8 Program p l a d  written description of the 
activities required for achieving the goals or 
objectives of a program. The plan describes the 
strategy to be followed and the major actions to 
taken to achieve those objectives. The plan 
addresses program-related elements, including 
program interfaces, schedule, major milestones, 
budget, technical control, quality assurance, and 
program control. 

4.1 9 Qualify Assuran-All planned and 
systematic actions necessary to provide 
adequate confidence that a facilQ, structure, 
system, or component will perform satisfactorily 
in service. 

420  Quality Assurance CoomYnator-A member 
of the QA staff assigned to provide QA assistance 
to the management of activities and programs in 
quality assurance matters. The QA Coordinator 
assists in establishing the QA 

Environmental Procedures Catalog 
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the Plan. 

4.21 Quality Assurance Program-The system 
of activities associated with defining, 
implementing, and verifying compliance with the 
requirements for QA. The QA Program is 
described in the GJO Qua[* Assurance 
Standards (GJO 1). 

4.22 Quality Assurance Officer-The Manager 
of the contractor organization to which QA staff 
are assigned. The Manager is independent of 
ProgramProject assignment. 

4.23 Quality Assurance Program Pl8n-A 
document identifyng the requirements that the 
Program or Activity manager and the QA 
Coordinator have judiciously selected from the 
overall QA Program, along with customer's QA 
requirements that are to be imposed on a 
particular program. 

4.24 Quality ControCThose quality activities 
necessary to control and verify the features and 
characteristics of an litem, material, process, 
facility, or service to specified requirements. 

4.25 Record (Qualify Assurance)-A document 
that furnishes evidence of the quality of items or 
activities and that has been verified and 
authenticated as technically complete and 
correct. Records may include photographs, 
drawings, magnetic tape, and other 
data-recording media. 

4.26 Sampling and Analysis P l a d  plan that 
defines sampling strategies, dataquality 
objectives, traceability, QC, and records 
requirements. 

4.27 ShalCDenotes a mandatory requirement 
or action. 'Must" and "will" are synonymous with 
"shall" and 'tvill". 

4.28 Signature (or signed- person's name, 
written by that person, including given names or 
initials and full1 last name. 

4.29 Stop Work-To discontinue all or any of the 
activities related to the fulfillment of contract 
obligations. 

4.30 Stop Work 0rder-A formall request by an 
oversight organization member to suspend 
activities when other measures to obtain 
corrective action have failed, and risk resulting 

from lloss, damage, or continued noncompliance 
is high (Reference 3.5). 

.4.31 Surveillance-The act of monitoring or 
obsewing to determine whether an item or activity 
conforms to speciiied requirements. 

4.32 Technical revie+4 formally documented 
review of technical material performed by 
individuals independent of those directly 
responsible for the work but who may be 
members of the organization that performed the 
work. 

4.33 Traceabilit)-The capacity for tracing the 
history, application, or location of an item or 
sample by means of documentation or physical 
identification. 

4.34 Vari8nCg-A deviation from 'must," *shall," 
or "will" statements in a procedure. 

5. Significance and Use 

5.1 The GJO Quatii Assurance Program is 
defined by the GJO Quality Assurance Standards 
(GJO l), which is basedlon DOE Order 5700.6C 
'Quality Assurance'. The GJO Quality 
Assurance Standarcis (GJO 1) specifies QA 
requirements which are graded into 'Standard" 
and 'Q" level requirements. The GJO 
Environmental Procedures Catalog (GJO 6) 
implements the 'Standard" level requirements 
unless the planning document or the procedure 
specifies 'Q" level requirements. 

5 2  This practice defines the QA Program 
elements that are routine to the use of test 
methods, guides, and practices. This practice 
should be used along with the planning 
documents that may specify additional 
program-specific requirements. 

6. Procedure 

6.1 The Qualii Assurance Program will be 
)implemented through the GJO Quality Assurance 

documents, and the instructions in this catalog. 
Standards (GJO 1). QAPPs, planning I t  

6 2  QA Coordinators are assigned to support 
program or project activities. The QA 
Coordinator will assist the Program orproject 
Manager in evaluating the need for and preparing 
a QAPP to grade the level of quality needed for 
the program. The QA Coordinator will also 
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review planning documents to verify that any QA 
requirements for the program are included. 

6.3 The planning document will describe and 
plan field activities, as described m Procedure 
GA-2(P), "Technical Comments on ASTM D 
5283.92-Standard Practice for Generation of 
Environmental Data Related to Waste 
Management Activities: Quality Assurance and 
Quality Control Planning and Implementation.' 
The preparer of the planning document needs to 
use the applicable program QAPP requirements 
as an input to the Work Plan. 

. 

6.3.1 The planning document will designate the 
organization(s) responsible for performing 
particular tasks and the interfaces between work 
teams, support organizations, and program 
personnel; and will specify IresponsibiMes and 
authorities of team members. The planning 
document will specify how the quality of work will 
be determined and by whom. 

6.4 GJO QA Standards, Will .8, 'Work 
Readiness Reviews", provides instructions for 
performing work readiness reviews. 

6.5 Personnel performing1 work will be trained as 
defined in the GJO Training M8nUd (GJO 4). 
Only trained personnel will be assigned to 
conduct work using the GJO Environmental 
Procedures Catalog (GJO 6). A trained person 
can supervise the assistance of personnel who 
have not received training on a particular 
procedure. The trained1 person will record any 
data and1 will be responsible for the results of the 
activtty. The Project Manager or designee will 
verify personnel qualifications and training prior to 
work assignment. 

6.6 The purchase of items or services will be 
accomplished as specified in the contractor's 
procurement manual. As appropriate, 
procurement documents will specify the scope of 
work, technical requirements (reference to 
existing codes or standards is recommended 
where possible), rights of access, and documents 
to be submittedl. 

6.6.1 QA review of procurement documents may 
be considered when the items to be purchased 
must meet quality requirements or other 
standards. Examples of procurements where QA 
review is beneficial are subcontracted services, 
instrument calibraon, and equipment fabrication. 

' I  

prepared, reviewed, approved, and issued prior to 
beginning the work. The procedures will be 
controlled to ensure that personnel have current 
and correct copies of the procedures, 
instructions, and drawings. Procedure GA-1 (P), 
'Standard Practice for Preparing or Revising 
Procedures from the GJO Gtvironmntal 
Procedures Catabg" will be used for procedures 
in this catalog. 

11 

6.7.1 Should lmodification to a procedure be 
needed for a particular task, the rewised 
lprocedure must be documented as described in 
Procedure GA-1 (P), -Standard Practice for 
Preparing or Revising Procedures for the GJO 
Envimmnf6l/ procedures Catalog. 

I 

6.72 Variations from lprocedures in the field will 
be documented on the data sheet or field 
notebook. The variation will be evaluated for its 
effect during data review. 

6.8 The GJO QA standards (GJO 1) QAI 8 2  
'Calibration System" applies to any activity that 
requires calibrated M&TE. Facility Management 
will provide assisfance in securing maintenance 
and calibration services upon request. 

6.8.1 Personnel using instruments that affect or 
evaluate the quality of an activity are responsible 
for ensuring that the instrument is controlled and 
that accuracy is documented. The instruments 
must have a label that documents the calibration 
status. If labelingl is not feasible, the records 
lmust show current calibration. 

6.8.2 Instruments will be checked for proper 
functioning daily before use. The documentation 
must show that the instrument is functioning 
within the established 'parameters. Verification of 
a current calibration sticker will be performed 
during the operational check. 

6.9 All project work activities will' be documented 
in permanent form. Records must be legible, 
identifiable, reproducible, signed, and dated. 
Records will be protected from loss or damage 
by reasonable handling of documents. 
Corrections will be made by crossing through the 
entry with a single line, entering the correction, 
initialing, and dating. Refer to Procedure 
GT-1 (P), "Standard Practice for Field 
Documentation Processes" for record 
preparation, lprotection, and disposition. 

1 1  

6.7 Work will be controlled by instructions, 
procedures, and1 drawings. Procedures will be 

4 
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6.1 0 Sample traceability will be maintained 
through use of Procedure GT-2(P), 'Standard 
Practice for Sample Labeling" and Procedure 
GT-3(P), 'Standard Practice for 
Chainof-Sample-Custody Control and Physical 
Secunty of Samples." 

6.1 1 The planning dowment will specify QA 
objectives for measurement data, if applicable 
(such as accuracy, precision, completeness, 
representativeness, and comparability). The lplan 
will detail how the objectives will be satisfied. 

6.12 The following types of document reviews 
will1 be conducted: 

6.12.1 The individual performing the test or 
practice will review the data to verilj correctness. 
When data are collected electronically, the 
individual will review the printed representation. 

6.12.2 A person other than the lperson recording 
the data will review individual data sheets or 
records for reasonableness and completeness. 
The reviewer will document the review on the 
data sheet by a legible signature and date. 

6.12.3 Formal and informal reports will be 
reviewed as described in the contractor's 
administrative policies and procedures. 

6.12.4 Reviews of procedures in the GJO 
Environmental Procedures Catdog (GJO 6) will 
be conducted as described in Procedure 
GA-1 (P), 'Standard Practice for Preparing or 
Revising Procedures for the GJO Environmental 
Procedures Catalog." Contractor procedure 
reviews will be conducted and documented as 
prescribed by the contractor's administrative 
policies and procedures. 

6.12.5 Procurement documents will be reviewed 
for inclusion of technical requirements, 
deliverables, scope of work, quality requirements, 
and rights of access (when appropriate). 

6.12.6 Dataquality reviews will assess whether 
the data qualty objectives, as a whole, have been 
achieved. 

6.1 3 Items or activities that do not conform to 
written requirements will be identified, controlled, 
and corrected. Nonconformances are 
deficiencies in characteristic, procedure, or 
documentation that render the qualty of an item 
unacceptable or indeterminate. Nonconforming 
items or data that have been transmitted to other 
organizations must be reported and evaluated as 
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directed in QAI 3.4 of the GJO Quality Assurance 
Standards (GJO 1). The pemn who identifies a 
nonconformance will initiate a report using the 
Nonconformance Report (Form 1594). The QA 
Coordinator will be notifiedl of and assist in the 
administration of the Nonconformance Report. 

6.14 All work will be conducted in accordance 
with appropriate quality standards. Those with 
the responsibility for the work have primary 
responsibility for achieving quality and taking 
corrective actions as needed to maintain the 
quality of work. 

6.14.1 When conditions adverse to quality have 
been identified through Nonconformance 
Reports, audits, or surveillance and corrective 
action has been ineffective, the contractor's QA 
Officer may issue a CAR as directed in QAI 3.5 of 
the GJO Qua/@ Assurance Standards (GJO 1). 
Managers of organizations receiving a CAR are 
responsible for evaluating the condition, 
proposing corrective actions, and completing 
corrective actions in a timely manner. The QA 
Officer will evaluate proposed corrective action or 
recovery by the responsible Organization and 
close the CAR as appropriate. At the direction of 
the QA Officer, the QA Coordinator will verify 
implementation of the corrective action. 

6.142 When significantly adverse conditions 
have been identified and management response 
has not been initiated or is ineffective, suspension 
of activities may be initiated by the contractor's 
QA Officer through a Stop Work Order as 
directed in QAI 1.3 of the GJO Quality Assurance 
Manual (GJO 1). The QA Officer will evaluate 
proposed corrective action or recovery by the 
responsible organization and l i t h e  Stop Work 
Order as appropriate. At the direction of the QA 
Officer, the QA Coordinator will verify 
implementation of the corrective action. 

6.15 The contractor's QA Group will verify 
implementation of the QA Program by conducting 
assessments and surveillance of programs and 
activities of contractor organizations. Qualified 
personnel will conduct audit activities using the 
requirements in the GJO Quality Assurance 
Standards (GJO 1) and1 internal QA procedures. 

5 
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'1.0 Keywords 

7.1 See Section 4., "Terminology." 
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Standard Practice for Field Documentation Processes 

1. Scope 

1.1 This standard practice covers reproducibility, 
legibility, accuracy, completeness, ,protection, 
identification, and error correction of records. 
The practice describes the control, data entry, 
content, review, and storage of field documents 
such a; logbooks, field notebooks, data sheets, 
and other records. 

2. Hazard Analysis 

2.1 No hazards requiring controls have been 
identified. Site-specific controls are available in 
the Health and Safety Plan for a particular 
project. 

3. Referenced Documents 

3.1 M.4CTEC-ERS General Administratiue 
Procedures Manual (MAC-1000), Section 3, 
"Records Management Procedure" 

3.2 GJO Quality Assurance Standards (GJO 1) 
Criterion 4, "Documents and Records". 

Q 
3.3 lVASTREIV4rand Junction Management 
Policy Manual 

3.4 U.S. Environmental Protection Agency, Test 
Methods for Evaluating Solid Waste, Vol. 11, 
Fie1 d Man ua I, Ph ysica K h e m  ica 1 Met hods, 
SW-846, Office of Solid Waste and Emergency 
Response, November 1986, 3rd IEdition. 

. 

4. Terminology 

4.1 Records-Information or data on a specific 
subject collected and presented in writing or other 
permznent form that has been verified1 and 
authenticated as technically complete and correct. 
Record; may but are not llimited to include data 
sheets. logbooks, field notebooks, maps, 
drawing;, photographs, and electronic 
data-recording media. 

4.2 Technical record books-For purposes of 
this pnctice, technical record books will refer to 
logbooks and field notebooks. These books are 
to be bound and the pages consecutively 
numbered. 

5. Significance and Use 

5.1 This practice will be used to document results 
of tasks performed using the GJO 
Environ men t a1 Procedures Cat dog (GJ06), 
unless the project Work Plan provides an 
alternate practice. 

5.2 Thii practice includes the use of technical 
record books for direct data entry or as journals 
referring to the location of associated supporting 
documents for activities. 

5.3 Documentation of the results produced from 
performing tasks is necessary to provide adequate 
evidence of compliance with requirements, 
provide an adequate basis for design decisions, 
and document techniques and conditions of 
sample collection. 

6. General Procedures for Records 

6.1 All records produced from work performed 
according to procedures in the GJO 
Environmental Procedures Catalog (GJO 61 
must meet the following requirements: 

6.1.1 Records must clezrly describe the work 
performed. Enough detail must be provided to 

. enable someone of equivalent skill and experience 
in the technology to repeat the work as originally 
performed. 

6.1.2 Records must be clear, legible, and 
reproducible. Black ink is preferred. 
Reproducible photocopies of penciled documents 
are acceptable as records. 

6.1.3 Errors will be corrected by lining through 
thc incorrect entry with a single line, making the 
correction, and initialing and dating the 
correction. The erroneous information must not 
be obliterated or erased. 

6.1.4 Records must specify the activity 
conducted, the program sponsor, and the method 
used, if applicable. The signature of the person 
who performed the work and the date it was 
performed must appear on each paqe of a record 
and1 on any attached sheets. (initials are 
acceptable if an initials log identifies the person.) 
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6.1.5 For short-term tasks, the Work Plan will1 
define the records to be maintained for each task 
conducted and the disposition of the records. 
The following are suggested records of a 
short-term task: 

6.1.5.1 Operational check data. 

6.1.5.2 Data sheets. 

6.1.5.3 Technical record books. 

6.1.5.4 Official correspondence. 

6.1.5.5 Planning documents. 

6.1.5.6 IElectronically or magnetically stored 
data. 

6.1.6 For ongoing programs, a Working Records 
File Index defines what records will be generated, 
how long they will be retained, and the 
disposition of the records (see References 3.1 and 
3.3). 

. 

6.1.7 Records must be protected against 
damage, deterioration, and lloss while in the field, 
during data review, and until they are submitted 
to a storage facility. Records must be isolated 
from any source of contamination. 

6.1.8 An independent reviewer will review data 
sheets or data contained in technical record 
books, as well as electronic data collection and 
data entry, as described in Section 7.5. 

6.1.9 All data will be reviewed before personnel 
leave a remote site. The review will ensure that 
no additional sampling or data acquisition is 
required before departure. 

6.1.10 When the piocedure specifies 
compilation of data sheets, the data must be 
legible and traceable to the activity, project, and 
method used. The person completing the data 
sheet will sign and date the sheet and ensure that 
applicable spaces are completed. 

7. Procedures for Technical Record Books 

7.1 Technical record books will be bound books 
with sequentially numbered pages. Each lbook 
will be given a unique identifier. 

GJO 

7.2 Issue and Control of Technical Record 
Books-A technical record book will be assigned 
to an activity or. a person for use on a project. 
The technical record book will be transmitted to 
the Project Manager or designee upon 
completion. If a technical record book contains 
information on more than one activity or project, 
the technical record book will clearly identify the 
portion associated with each activity or project. 
Reproducible copies of applicable sections of 
these books may be submitted to the IProject 
Manager or designee as records. 

7.2.1 The Project Manager shall determine the 
following and make a uritten record of the 
decisions: 

7.2.1.1 Who will issue technical record books. 

7.2.1.2 The number of each technicallrecc%l 
book and the ,person to whom the book is issued. 

7.2.1.3 The expected location for each technical 
record book when not in use (building and room 
number). 

7.2.1.4 The reviewer of each technical record 
book and the frequency of reviews. 

7.2.1.5 Whether support organizations are to 
use technical record1 books dedicated to the 
project or whether they will be required to furnish 
copies of applicable pages from technical record 
books supporting several projects. 

7.2.2 The person to whom a technical record 
book is issued shall take the following steps upon 
receipt of a new technical record book: 

7.2.2.1 Review general information on . 
maintenance of the technical record book. 

7.2.2.2 Complete the information block (if any) 
on the first sheet inside the front cover. 

7.2.2.3 Identify the technical record bookby 
entering the project number and title and the 
applicable task or subtask numbers as 
appropriate. 

7.2.2.4 Determine whether to reserve specific 
pages for a Table of Contents and for the names 
of people who make entries and who will review 
the technical record book. < 
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7.2.2.5 The first entry in the book shall describe 
the work covered and, as appropriate, the name 
of the sponsor, the Work Order or Statement of 
Work number. and the objectives of the work. 

7.2.2.6 Prepare and maintain a list of the 
printed name, written signature, and initials used 
by each person who is authorized to make 
entries, including review entries. 

7.3 Rules for Duta Entry 

7.3.1 Pages shall be kept intact. No page is to 
be lleft completely blank or removed from the 
book. 

7.3.2 Use pages consecutively. If a page has 
entries from more than 1 day, each entry shall be 
signed and dated. If a page or part of a page 
must be left blank, it must be ruled across, signed, 
and dated. If entries for a given subject are made 
o n  two or more pages that are not consecutive, 
each page must be cross referenced to the 
previous and following entries. 

7.3 3 Record all data as required by procedures 
for the activity being performed. Enter all data 
directly in a technical record book when practical. 
If loose sheets. such as test data sheets, 
photocopies, or photographs must be added to a 
technicall record book, proceed as follows: 

7.3 3.1 Glue, tape, or staple each sheet or part 
of a sheet to the next blank page or blank space, 
according to the amount of space needed. 

7.3.3.2 IEnter on the page of the technical 
record book a description of the material that is 
attached, and enter on each attachment the 
technical record book number and page number. 
This information will allow identification of the 
attachment if it comes loose. 

7.3.4 Describe or reference in the technical 
record lbook any other permanent written or 
visual records generated for the project and not 
readily available in the open literature or that 
cannot be directly inserted because of size or bulk 
(e.9 , data sheets, computer printouts, films, or 
magnetic media). Any project records that are 
cited must be filed and controlled as records. 
Records that are readily available in the open 
lliterature need only be referenced. The purpose 
is to provide a clear, complete record of activities 
and supporting documents. 

' 

7.3.5 The last entry in a technical record book 
shall be either a statement that the work was 
concluded or a .reference to a sequential technical 
record book. 

7.4 Confenf of Technical Record Books-The 
following information may be entered in technical 
record books, as applicable: 

7.4.1 Table of Contents, consisting of pages 
with continuing entries. 

7.4.2 What work was done and how it was 
done, including such information as a description 
of the facility, test design, measuring and test 
equipment (by serial number), and a reference by 
number and title to any standard procedure used. 

7.4.3 Instrument numbers or equipment used. if 
not specified in a referenced procedure. 

7.4.4 Field checks or calibrations that are not 
* documented elsewhere. 

7.4.5 Identification of personnel and 
responsibilities or duties of each ,person. 

7.4.6 CVhy the work was done, including any 
Statement of Work under which the work was 
done and with what objective. 

7.4.7 What results were obtained. Observations 
made, the review of the results, and 

- nonconfonnances and deficiency reports may be 
included. 

7.4.8 Temperature, weather, humidity, wind 
speed and direction. or other environmental 
influences that might affect the results. 

7.4.9 Documentation of variances from planned 
activities. A variance is considered to be a * 

deviation from "shall", "must", or "will" 
statements of a procedure. 

7.4.10 Location of the activity, including site and 
sample or test location. 

7.4.1 1 Name and address of field contact. 

7.4.12 Sampling entries: 

7.4.12.1  purpose of sampling. 
\ 
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7.4.12.2 Description of sampling pc..it and 
sampling methodology. 

7.4.12.3 Number of samples taken and volume. 

7.4.12.4 Date and time of sample collection. 

7.4.12.5 Sample destination (name of 
laboratory) and how transported.(hand carried or 
name of carrier, such as United Parcel Service or 
Federal Express). 

7.4.12.6 References such as maps or 
photographs of the sampling site. 

7.4.13 Entries relating to waste: 

7.4.13.1 Producer of waste and address, if 
different for that location. 

7.4.13.2 Type of process (if known) that 
produced the waste. 

7.4.13.3 Type of waste (e.g., sludge, 
wastewater). 

7.4.13.4 Suspected composition and 
concentrations of waste. 

7.4.14 Other appropriate entries such as 
calculations, problems encountered and actions 
taken to resolve them, or interfaces with 
agencies. 

7.5 Review of Technical Record Books-An 
independent reviewer will review technical record 
books for content, accuracy, legibility, 
calculations, error correction, and reproducibility 
(see Reference 3.2). 

7.5.1 A reviewer will1 review electronic data 
collection or data entry for correctness and 
accuracy by comparison of originals with printed 
data or by review of the graphic representation of 
the data. 

7.5.2 The reviewer will check for completeness, 
validity of data, and traceability between each 
page and the items or activities to which it 
applies. The reviewer will take action to correct 
any deficiencies. 

7.5.3 When the reviewer is satisfied that the 
recorded information is complete and correct, the 
reviewer will sign and date the technical record 

book and indicate the pages and supporting 
documents that were reviewed. 

.. . 
7.5.4 Written comments by a reviewer that are 
clearly identified as review comments will not 
require review by a second reviewer. 

7.6 Storage of Technical Record Books- 
Technical record books shall be stored in 
fire-resistant metal file cabinets or otherwise 
protected from damage when not directly in use. 
Records shall not be left unprotected overnight or 
on holidays, vacations, or weekends (see 
Reference 3.2). 

8. Keywords 

8.1 Data sheets, documentation, field 
documentation, field notebooks, logbooks, 
records, and technical records books. c 
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Standard Practice for Sample Labeling 
1. Scope 

1.1 This procedure addresses labeling 
requirements and recommended practices for 
labeling samples that are conected in the field 
and intended for analysis at a later time. The 
materials sampled may include, but are not 
limited to, solids such as soils and cores, 
liquids and sludges, and gases. 

1.1.1 Ths procedure does not address 
labeling practices for any in situ 
measurements. 

1.2 This procedure is intended for use with a 
variety of sample types, including grab 
samples, composite samples, duplicata 
samples, and split samples. 

1.3 All samples collected by Contractor 
personnel shall have a sample label and a 
Contractor-generated sample number. 

2. Hazard Analysis 

2.1 N o  hazards requiring controls have been 
identified. Site-specific controls are available 
in the Health and Safety Plan for a particular 
,project. 

3. Referenced Documents 

3.1 GJO Environmental Procedures 
Catalog (GJO 6) 

GT-l(P), "Standard Practice for Field 
Documentation Processes" 

GT-3(P). "Standard Practice for 
Chain-of-Sample-Custody Control 
and Physical Security of Samples" 

4. Terminology 

4.1 Chain-of-Sample-Cusrody Form-A 
form used to document sample custody and 
receipt. It also may contain other 
information, such as the sample analyses 
required and traceability. 

4.2 Field-Any place where the material for 
analyses or testing is collected. 

.. . 
4.3 Duplicate samples-More than one sample conected 
from the same source location, but ,placed in separate 
containers. Also called multiple samples. 

4.4 In situ-In place; not removed from the point pf original 
deposition. 

4.5 Sample (n)-A portion of material collected from a larger 
mass that represents the characteristics of that mass. 

4.6 Sample (+To select and collect a sample. 

4.7 Sample label-The documentation attached to the 
sample or sample container and marked with required 
information about the sample. An example is shown in 
Figure 1. 

Grand Junction Office 
2597 B 3 4  Road 
Grand JW-. CO 815C3 
97M484ca 

Sample No. Dale 

Sampler Time 

Project Site Location 

Sample Type 

Comments 

Figure 1 .  Example of Sample Label 

4.8 Sample log-A document that lists all samples collected 
during a field visit or visits. A Chain-of-Sample-Custody form 
or sample ticket book are examples of sample Cogs. 

4.9 Sample number-The unique identification number 
assigned by the Contractor to each sample and attached to, or 
written on, the sample label or sample container. The sample 
number will normally consist of three alpha and three numeric 
characters and 
will have both I I 

eye-readable and 
bar-code portions 
(Figure 2). 

I I NDL780 , 

Figure 2. Example of a Sam%- 
Number 

. 
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4.10 Sample PIant+he facility at the Grand 
Junction Office where samples are prepared for 
analysis. 

4.11 Sample ficket book-A soft-bound book 
consisting of 25 sample numbers, one number 
per page. Each page is backed by two 
duplicating no-carbon required (NCR) sheets. For 
each sample number, a separate page containing 
27 duplicate numbers is included. The duplicate 
number lablels are self-adhesive. 

4.12 Split sample-A sample that has been 
subdivided into two or more parts, each 
representative of the original sample. 

5. Significance and Use 

5.1 All Contractor personnel shall use this 
procedure for sample identification unless an 
approved alternate procedure is included or 
referenced in the official project records. 
Alternate procedures shall include the minimum 
information identified in Section 8.4. 

6. Materials 

6.1 Preprinted Contractor sample labels with 
adhesive backing. 

6.2 Preprinted sample numbers with adhesive 
backing or a sample ticket book (GJPO 1854) 
with preprinted adhesive-backed sample numbers. 

6.3 BaIlpoint pen with reproducible, water-proof 
ink. 

6.4 Clear plastic tape (normally 2 inches wide). 

6.5 Sample log. 

7. Procedure for Obtaining Contractor 
Sample Numbers 

7.1 Bar-coded sample numbers are printed by 
the Wastren Information Management Servcices 
group. To avoid duplication of numbers, the 
computer software that produces the numbers will 
prompt the user with the starting number for the 
new series to be printed. 

7.2 The sample numbers are printed on a roll to 
be attached to sample labels to be bound into the 
sample ticket books. 

7.3 Sample numbers and labels are obtained 
from the Field Services administrative staff. If 
appropriate; obtain sample ticket books from the 
Contractor's Sample Plant. 

7.4 The issuing organization will maintain a log 
of the sample numbers or ticket books issued, the 
requester's name, and the date of issue. 

7.5 The issuing organization shall obtain a new 
stock of sample numbers as needed from 
Wastren's Information Management group. 

8. Procedure for Using Sample Labels 

8.1 , Complete the sample label before or after 
attachment to the sample container. If labels are 
not available, write the required information 
directly onto the sample or sample container. 
Never write directly on a sample that is to be 
chemically analyzed. 

8.2 Use waterproof, reproducible ink to 
complete the required label information. 

8.3 Normally, the sampler will complete the 
entire labell. If some of the requested information 
is not relevant, write "NA" for "not applicable" in 
that space. 

8.4 The minimum information required on the 
sample label shall include 

, . 8.4.1 Sample number. 

' 8.4.2 Date-The date the sample was collected. 

8.4.3 Sampler identijcation-The name or 
initials of the person who collected the sample. 

8.4.4 Project site-The area or property &fined 
in project documents containing one or more 
sample locations. The property may lbe identified 
by a number. 

8.4.5 Sample location-The location at which 

locations include well numbers, grid locations, or 
surveyed coordinates. 

. the sample w a s  collected. Examples of sample 

8.5 Additional information that may be 
appropriate on the label includes 

8.5.1 Time-The time at which th& sample was 
collected. 

2 Environmental Procedures Catalog 
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8.5.2 Sarnp!e type (rnutrixl-one or more 
terms that describe the type of sample. This 
description may cower sample material such as 
soil. water. sludge, air, or core. It may also 
include the type of sample, such as composite, 
grab, or wipe. 

When completing the ticket, the cardboard cover 
should be inserted after the pink page of the 
current ticket to prevent copyirig information 
onto the next ticket. A ballpoint pen should be 
used with sufficient pressure to ensure duplication 
onto all copies of the NCR sheets. 

I 

8.6 Attach the preprinted sample number to the 
sample llabel. If the preprinted number is illegible 
Or does not adhere to the label, the sampler may 
write the sample number on the sample, sample 
label, or sample container. The sampler also may 
write the number on tape and attach it to the 
sample. 

8.7 Maintain a record of sample numbers and 
other pertinent information on a sample log. See 
Procedure GT-l(P). "Standard Practice for Field 
Documentation Processes" and Procedure 
GT-3(P), "Standard Practice for 
Chain-of-Sample-Custody Control and Physical 
Security of Samples," reference 3.1. 

8.8 When needed, protect the completed sample 
labels from moisture and abrasion by placing a 
piece of clear plastic tape over the label. 

9. Procedure for Using Sample Ticket 
Books 

9.1 Sample ticket books contain preprinted 
numbers for labeling multiple sample fractions 
(e.g . water samples from one well) or split 
samples. A copy of a page from a sample ticket 
book ( G P O  1854) is shown in Figure 3. 

9.2 If multiple sample fractions or duplicate 
samples are taken at the same location or if split 
samples are made in the field, the sampler shall 
identify each sample by removing an 
adhesive-backed sample number from the book 
and attaching it to the sample label or container. 
The sample number shall be identical for each 
sample in the entire group of duplicates or splits. 

9.3 Duplicate samples or split samples each may 
be assigned a unique sample number for purposes 
of documenting the precision of the sampling and 
analysis process. These samples are commonly 
referred to as "blind duplicates" or "field 
duplicates. '* 

' 

9.4 The information required on the sample 
ticket is summarized on the inside flap cover of 
the ticket book, as shown in Figure 4. 

9.5 Normally, the white copy of the ticket is 
retained by the project manager, the canary copy 
is fomrded to the Sample Plant or analytical 
laboratory with the samples, and the pink copy 
remains in the ticket book. This distribution may 
vay depending upon the needs of the project. 

10. Keywords 

10.1 Label, sample, sample llabeling, sample log, 
sample number, and ticket book. 

/ 

I' 

. 
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Figure 3. Example of a Sample Ticket GJPO 1854 

LJur .dl 
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Figure 4. Example of a Sample Ticket 
(Back Cover of GJPO 1854) 
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1. Scope 

Stand a rd Practice for Chain -of-S a m .. pP . e-C us to d y C ontro D 
and Physical Security of Samples 

1.1 This procedure describes the documentation 
required for tracing sample custody and the 
requirements for maintaining physical security of 
samples. 

1.2 Control, storage, and disposal of samples 
should be addressed in the Work Plan for a 
particular project. 

2. Hazard Analysis 

2.1 No hazards requiring controls have been 
identified. Site-specific controls are available in 
the Health and Safety Plan for a particular 
project. 

3. Referenced Documents 

3.1 GJO Environmental Procedures Catalog 
(GJO 6): 

GT-Z(P), "Standard Practice for Sample 
Labeling" 

4. Terminology 

4.1 Chain-of-sample-custody record-A form 
such as the Chain of Sample Custody 
(GJPO 1512). or equivalent, used to document 
sample custody and receipt. GJPO 1512, Chain 
of Sample Custody, is a four-part 
no-carbon-required (NCR) form available as a 
contractor Stores issue item (Figure 1). 

4.2 Custody-To maintain a sample in sight, 
immediate possession, or locked under one's 
personzl control. 

4.3 Custody seals or tags-Adhesive-backed 
strips, or metal or plastic tags, fastened to the 
sample container or the shipping container in 
such a way as to demonstrate that no tampering 
with the sample has occurred. Custody seals also 
may lbe manufactured in the field by using paper 
strips and clear plastic tape. 

4.4 Duplicate samples-More than one sample 
collected from the same source location but 

placed in separate containers. Also called 
multiple samples. 

4.5 Physical security-Synonymous with 
custody but emphasizes the measures taken to 
prevent tampering with the samples or sampling 
process. 

4.6 Sample (n)-A portion of material collected 
from a larger mass. 

4.7 Sample (+To select and collect a sample. 

4.8 Sample number-The unique identification 
number assigned by the Contractor to each 
sample and attached to, or winen on, the sample 
label or sample container. The sample number 
will normally consist of three alpha and three 
numeric characters and will have both 
eye-readable and bar-code portions. See 
Procedure GT-2(P), "Standard Practice for 
Sample Labeling," Section 3.1, on how to obtain 
sample numbers. 

@ 

4.9 Split sample-A sample that has been 
subdivided into two or more parts, each part 
representative of the original sample. 

5. Significance and Use 

5.1 AI1 contractor personnel shall use this 
procedure for chain-of-sample-custody control 
and physical security unless an approved alternate 
procedure is included or referenced in the official 
project records. 

5.2 Projects that do not require sample custody 
documentation mag use other types of sample 
logs for documenting sample information. 

6. Materials 

6.1 Chain of Sample Custody form 
(GJPO 1512) or equivalent. 

6.2 Ballpoint pen with waterproof, reproducible 
ink. . 
6.3 Custody seals or tags. 

Environmental Procedures Catalog 1 
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Figure 1. Chain of Sample Custody Form (GJPO 1512) 
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6 4 Clear plastic ta?e (normally 2 inches wide). 

6.5 Padlocks, receptacles, containers, and/or 
enclosures a j  appropriate to provide physical 
security of the samples 

7. Chain-of-Sample-Custody Procedure 

7.1  The sampler shall complete the 
chain-of-sample-custody record during or after 
sample collection. Use the current version of 
GJPO 1512 unless a project specifies a different 
form or specifies that no chain-of-sample-custody 
is required. 

7.2 Use waterproof. reproducible ink to complete 
the form 

7.3 The initiator of the form is responsible for 
legibility of all entries other than signatures. 

7.4 General instructions for completing 
GJPO 1512 are printed on the back of the form 
(Figure 2) The following items provide additional 
information to the instructions 

7.4.1 Thz preservation method may be specified 
in the remarks column. 

7 .4 .2  Condition Receiued-Examples of 
conditiorlj to note could include broken container, 
lid off. leaking fluid. etc 

7 .4 .3  Relinquished byReceiued by--When the 
samples are physically transferred from one 
person to another. or from a person to a shipper, 
the relinquishzr and receiver shall sign the 
appropriate lblock. with the date and time of 
sample transfer. The relinquishers, by signing. 
verify tha! the samples have been within their 
custody. 

. 

7.4 3.1 I: is each signatory's responsibility to 
tvrite the signature legibly. 

7 .4 .3 .2  The relinquisher retains a copy of the 
form. 

7 .4 .3.3 Koncontractor employees are not 
required to sign the form (e.g , employees of 
shipping companies). 

7 .5  The following is the minimum information 
required on the form to ensure sample 
iden ti fica t ion: 

7.5.1 Date chain-of-sample-cus:ody form was 
prepared; 

7:5.2 Projeit name; 

7.5.3 Sampler's printed name: and1 

7.5.4 Sample number. 

7.6 Complete all information blocks or lab1 the 
block "NA" for 'not applicablz". Line through 
unused portions of items 6 through 13 tvith a 
single line, and initial and date h e  line (Figure 3). 

7.7 When samples will be transported by a 
non-Contractor shipper, use cujtody seals or tags 
to seal the individual sample containers or the 
inner or outer shipping carton. 

7.7.1 When seals are applied to the sample 
container, they must not obscux the information 
on the sample label. 

/ 

7.7.2 Securely u7ap or fasten shipping containers 
prior to application of the custody seals. The seals 
are inherently fragile and will nat withstand 
pressure from an inadequately packaged 
container. Seal all possible access flaps or lids of 
the shipping container. 

7.7.3 Enter the date the samplzs are sealed and 
sign the custody seals or tags 2s shown below. 
Clear plastic tape may be a p p k d  over the seals 
for protection. 

CUSTQDY SEAL 

7.8 The original chain-of-samF!e-custody record 
shall accompany the samples until they are 
received by the laboratory. 

7.9 Unless otherwise specified by the project, the 
chain-of-sample-custody record shall be 
maintained as part of the projex records. 

. 
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4. 

5. 
t. 

7. 

0. 

9. 
1 0. 
11. 

12. 

13. 
14. 

15. 
16. 

17. 

1 a. 

\ 

. Ch a i n-of -Sam pl e Cu s t o d y 
Pagc of : Indtcalcs sequcnce and total numbcr 01 pagcs. 
Dale: Oak Ihc chain-ol-cwlody record was prepared. 
Project NJmC: Thc projccl namc or lillc. 
Sile Localion: Thc localion 01 lhc projccl site. 

Samplcr: Thc prinled name of Ihe person who collccled lhc samplcs. 
Sample No.: Tho unique lhrce-lcllcr. lkce-digil numbcr gcncralcd 'by GJO. 
Dalc: Oak Ihc samplc was collccled. 
Time: Tho lune the sample was cdlccled. 
Sample Location: The localion a1 which lhc sample was laken; e.g.. well number, grid localion. or survcy coordinalc. 
Sample Matrix: The sjmpla malrix. e.g.. soil, sludge, water. air. or filler. 
Conlaincr: Thc lype of conlaher; 0.g.. wrila 40-mL glass in Ihc slanlcd column. Wrilc Ihc number ol conlaincrs of a givcn lypc on lhc 
corresponding horironlal line. 

Acrnarks: Any remarks. as appropMIc; prcservalion melhod required. e.g.. acidilicd < 2 pH. 
Condition Received: For use by laboralory personnel. lo nole any damagc lo samplc or conlaincr. 
Rclinquishcd bylRcccivcd by: Signatures of rclinquishcrs and rccavcrs. wilh dalc and limc of sample lranslcr. 
Melhod of Shipment: The rnculod of shipment. c.g.. Federal Express, bus he. elc. 
LaboralorylDeslination: Tha place Ihe samples wcrc shipped lor analysis, sloragc. or olhcr purposcs. 
Airbill or Rcceipl Number: For use with airbills or reccipls lrom conlract shippcrs. 
For Use by Conlracl Laboralorics Only: For use by laboratories olhcr lhan Ihc Grand Junclion Ollicc (GPO). Rcccivcr lo sign, dalc, and 
relum Ihis form lo GJO by mail or with inalylical dala package. 

General: The purposc 01 [his form is lo document samplc custody and rcccipt. GJO assurncs no rcsponsibilily lor samplcs nol in Ihc custody 01 
GJO personnel. 

The users of ulis lorm are responsible lor compleling Ihc lorm by usingla watcrprool. rcproducible ink. 

The users of lhis lorm arc rcsponslble for legtbilily of all cnlrics. 

All inlormalion blocks musl be completed or marked as -NA" lor 'No1 Appbcablc." Unuscd portions 01 Ihc form musl be lincd oul wilh 
a singlc linc. hlialcd, and &led. 

Figure 2. Instructions for Completing Chain-of-Sample-Custody Form (Reverse Side of GJPO 1512) 



Chain-of-Sample Custody . 
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5. Sampler (prmt mmc) &.m S- p,p& 
4. S i k  Localion 

I I 
18. For Conlracl Laboratories Only-neceiver lo sign. dale. and return form by mail or with analyiical data package 

Company Name neceived by Dale I 

Prcparalion inrlruclions on back 01 torm. ht-. 0 1 . ~ ~ 1  ~carlunvl shpmm. c u m  m r r m r p r ! r  
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Figure 3. Example of Completed Chain-of-Sample-Custody Form 

0 
0 
L 

c 



GT-31P) 
12/98 Rev. 0 

8. Physical Security of Samples and 
Sampling Process 

.. . 
8.1 The sampler must maintain physical security 
of the samples, sampling process, and equipment 
by physical possession, visual contact, or seals or 
locks to prevent tampering. Because the 
procedures for physical security are unique to 
each sampling situation, only guidelines can be 
given. 

8.1.1 Lock the sampling device when 
unattended. For example, when using an 
unattended autowmpler to collect samples for a 
period of time, the device must be locked or 
secured to maintain physical security. 

8.1.2 Store samples in a locked storage area. For 
example, when collecting samples for a period of 
time before transporting to the laboratory, lock 
the samples in a secure storage area or in an area 
with controlled access such as a locked vehicle or 
locked field office. 

8.1.3 Use security seals where appropriate. 
Although security seals do not provide physical 
security, the seals are evidence that the samples or 
sampling process was not tampered with while 
unattended. 

8.1.4 Use best professional judgment when 
providing physical security of the samples or 
sampling process. The sampler should be 
knowledgeable of the programmatic requirements 
for the samples and provide the appropriate 
degree of physical security. 

8.2 Document in field logs, or other project 
documents, the type of physical security used. 

9. Keywords 

9.1 Chain-of-sample-custody record, form, 
laboratory, physical security, samples, and 
shipper. 
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Technical Comments o n ASTM D5088-90 

Summazy of ASTM D5088-90 

The purpose of this practice is to provide W n c e  for the decontamination of field equipment used in the 
sampling of soils. soil gas, sludges, surface water, and ground water at nonradioactive waste sites 

Additions Applicable to Operating Contrador,and its Subcontractors 

This standard guide shall be referenced when preparing sampling and analysis plans for site investigation 
activities. The guidance provided may be superseded by other project documents, such as Project Safety 
Plans or Project Quality Assumnce Plans. 

The following sections shall be interpreted in conjunction with the current published version of the ASTM 
guide. The sections shall be interpreted in numerical order, using the published version as the base 
document for reference. 

4. Summary of Practice 9. Report 

4.1.1 Some nonsample contacting equipment 
may not require decontamination due to limited 
use and/or site conditions that do not pose a risk. 

4.2.8 The information included in an equipment 
decontamination protocol, as well as how the 
information is presented in site plans should be 
determined on a site specific basis. 

7. Procedure for Sample Contacting 
IEquipment 

7.2 9 When samples will undergo inorganic 
analyses, the use of an inorganic desorbing agent 
may not be required if the QA/QC program 
documents that the decontamination protocol is 
sufficient for the sampling methods being used. 

8. Quality Assurance/Quality Control 

8 1 4 The frequency for the minimum number 
of samples to demonstrate completeness of 
decontamination for QA/QC purposes may be 
either increased or decreased on a site specific 
Ibasis based on an evaluation of QA/QC samples 
and1 project specific objectives. 

9.1.9 The activities associated with reporting 
equipment decontamination should lbe 
determined on a site specific basis based on the 
specific objectives of each project. 

10. Hazardhalysis 

10.1 Exposure to hazardous substances and 
chemicals is possible during performance of this 
task. The applicable site Health and Safety Plan 
(HSP) or Project Safety Plan (PSP) shall be used 
for all decontamination work. 

Environmental Procedures Catalog 1 
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4,m Designation: D 5088 - 3 0  

Standard Practice for 
Decontamination of Field Equipment Used at Nonradioactive 
Waste Sites' - .  . 

This snndard is  l v u d  under the fixed dewgrution D 5083: the nurnkr irnrndiatel> following the designation indicates the ?etr of 
ongrrul adoption or. m the case of rcnuon. the yzar of last m u o n  A nurnkr in pJrmthcscs indicates the year  of k t  rrappro\al A 
supencnpt epslon (4 rndicarcs an cditonal change unce the last re\mon or reapprod. 

1. Scope 
1.1 This practice covers the decontamination of field 

equipment used in the sampling of soils. soil gas. sludges, 
surface water. and ground water at waste sites which are to 
undergo both physical and chemical analyses. 

1.2 This practice is applicable only at sites where chemical 
(organic and inorganic) wastes are a concern and is not 
intended for use at radioactive or mixed (chemical and 
radioactive) waste sites. 

1.3 Procedures are included for the decontamination of 
equipment which comes into contact with the sample matrix 
(sample contacting equipment) and for ancillary equipment 
that has not contacted the portion of sample to be anallzed 
(non-sample contacting equipment). 

1.4 This practice is based on recognized methods by 
uhich equipment may be decontaminated. When collecting 
environmental matrix samples, one should become familiar 

site specific conditions. Based on these conditions 
purpose of the sampling effort, the most suitable 

of decontamination can be selected to maximize the 
integrity of anal>tical and physical testing results. 

1.5 This practice is applicable to most conventional 
sampling equipment constructed of metallic and synthetic 
materials. The manufacturer of a specific sampling apparatus 
should be contacted if there is concern regarding the reac- 
tivit) of a decontamination rinsing agent with the equip- 
ment. 

1.6 This staridaid does not ptirport to address tlic safitj. 
problems associated with its use. It is rke responsibility of [he 
iiser of this standard to cstablidi appropriate safkj. ond 
health practices nrid deterniittc [lie applicabilitj. of replatory 
hi tar ions prior to im. 

1. Referenced Document 

9.1 AST.11 Standard. 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids' 

3. Terminolog! 
3.1 Definitioris 
3.1.1 contaminatit-an undesirable substance not nor- 

mdly present or an unusually high concentration of a 
naturally occurring substance in water or soil. 

s practice is under rhcjundiaion of ASTM Committee D-IS on Soil and 
LI is the direct nsponsibilit) o f  Subcommime DIS I4 on Ccotcchnics of a! lrnagemcnt 

Current edition appro\ed June 29. I990 Pubhshed September 1990 
A n n u l  Book oi.4ST.V Standurd,. Vol 0-1.08 

3.1.2 conrrol rinsc water-water used for equipment 
washing and rinsing having a known chembtn. 

3.1.3 decontanrinarion-the process of removing b r  re- 
ducing to a known level undesirable physical or chemical1 
constituents. or both, from a sampling apparatus to maxi- 
mize the representativeness of phpical or chemical analyses 
proposed for a given sample. 

3.1.4 non-sample conlaciing equipment-related equip 
ment associated with the sampling effort. but that does not 
directly contact the sample (for example. augers. drilling 
rods, excavations machinen.). 

3.1.5 qiialitv assiirance/qtialitj* control (Q.-I/QC)-the ef- 
forts completed to evaluate the accuracy and precision of a 
sampling or testing procedure, or both. 

3.1.6 sample coniacting equipmenr-equpiment that 
comes in direct contact with the sample or ponion of sample 
that will undergo chemical analyses or physical testing (for 
example, ground water well bailer. split-spoon sampler. soil 
gas sampling probe). 

3.1.7 For definitions of other terms used in this practice, 
see Terminology D 653. 

3. Summarl of Practice 
4.1 TH.O different procedures are presented for the decon- 

tamination of sample-contacting and non-sample contacting 
equipment. The procedures have been developed based on a 
re\iew of current state and federal guidelines. as well as a 
summar! of commonly emplo>ed procedures. In general, 
sample contacting equipment should be washed with a 
detergent solution followed b! a series of control water, 
desorbing agents and deionized water rinses. h'onsample 
contacting equipment should be washed n i t h  a detergent 
solution and rinsed with control wter .  Although such 
techniques ma) be difilcult to perform in the field. they may 
be necessary to most accurately ebaluate IOU concentrations 
of the chemical constituent(s) of interest. 

4.2 Prior to initiating a field program that will involve 
equipment decontamination. a site specific equipment de- 
contamination protocol should be prepared for distribution 
to the indi\ iduals involved with the particular sampling 
program. Information to be presented in the protocol should 
include: 
4.1.1 Site location and description, 
4.2.2 Statement of the sampling program objective and 

desired precision and accuracy. that is. is sampling effort for 
gross qualitathe evaluation or for trace concentration, pa- 
rameter specific evaluations, 

4.1.3 Summaq of available information regarding soil 
types, hydrogeology and anticipated chemistn of the mate- 
rials to be sampledl. - 

1 
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4.2.4 Listing of equipment to be used for sampling and 

materials needed for decontamination. 
4.2.5 Detailed step by step procedure for equipment 

decontamination for each piece or type of equipment to be 
utilized and procedures for rinse fluids containment and 
disposal as appropriate, 

4.2.6 Summary of QA/QC procedures and Q.J/QC sam- 
ples to be collected to document decontamination complete- 
ness including specific type of chemical analyses and their 
associated detection limit, and 

4.2.7 Outline of equipment decontamination verification 
repon. 

5. Significance and Use 
5.1 An appropriately developed, executed and docu- 

mented equipment decontamination procedure is an integral 
and essential pan of waste site investigations. The benefits of 
its use include: 

5.1.1 Minimizing the spread of contaminants within a 
study area and from site to site, 

5.1.2 Reducing the potential for worker exposure by 
means of contact with contaminated sampling equipment, 
and 

5.1.3 Improved data quality and reliability. 
5.2 This practice is not a substitute for a well-documented 

Qualit> Assurance/Quality Ccxroll (Q.J/QC) program. Be- 
cause the ultimate test of a decontamination procedure is its 
ability to minimize erroneous data. a reasonable QA/QC 
program must be implemented. 

5.3 This practice may not be applicable to all waste sites. 
When a sampling effort is completed to determine only the 
general range of chemical concentrations of interest less 
rigorous decontamination procedures can be adequate. ln- 
vest~gaton should have the flexibility to modify the drcon- 
nmination procedures with due consideration for the sam- 
pling objective or if Q.A/QC documentation supports 
alternative decontamination methods. 
5.3 At sites where the reactivity of sampling equipment to 

decontamination washes creates concern for the generation 
of undesirable chemin1 by-products. the use of dedicated 
sampling equipment should be considered. 

5.5 This practice. where applicable, should be used before, 
ktneen. and after the completion of sampling events. 

6. Reagents 
6. I Defergem. non-phosphate detergent ~o lu t ion .~  
6.1 Acid rime (inorganic desorbing agerii). 10 5 nitric or 

hydrochloric acid solution-made from reagent grade nitric or 
h>drochlonc acid and deionized water ( 1 % is to be applied 
to lo~-carbon steel equipment). 

6.3 Sohenr rinse (organic desorbing agenr), isopropanol, 
acetone. or methanol; pesticide grade. 

6.4 Conrrol rinse tram. preferably from a water system of 
knoun chemical composition. 

6.5 Deionized wafer. organic-free reazent grade. 

7. Procedure for Sample Contacting Equipment 
7.1 At a minimum, sample contacting equipment should 

' A l q u i n n  or Liquino\ or similar solution has k n  found suitable for this 
purposc 

be washed with a detergent solution and rinsed with control 
w3ter. 

7.2 For progmms requiring more rigorous decontamina- 
tion to meet the sampling or QA/QC objectives. the fol- 
lowing procedures are indicated: 

72.1 Wash with detergent solution. using a brush made of 
inert material'to'remove any particles or surface film. 

7.2.1.1 For equipment that. because of internal mecha- 
nism or tubing cannot be adequately cleaned with a brush, 
the decontamination solutions should be circulated through 
the equipment. 

7.2.2 IRinse thoroughly with control water. 
7.2.3 Rinse with an inorganic desorbing agent (may be. 

deleted if samples will1 not undergo inorganic chemical 
analysis). 

7.2.4 Rinse uith control water. 
7.2.5 Rinse with organic desorbing agent (may be deleted 

if samples will not undergo organic chemical analyses). 
7.2.6 Rinse with deionized water. 
7.2.7 Allow equipment to air dry prior to next use. 
7.2.8 Wrap equipment for transport with inert material 

(aluminum foil or plastic wrap) to direct contact with 
potentially contaminated material. 

7.3 Xonsample Contact Equipment: 
7.3.1 Clean the equipment with portable power washer or 

steam cleaning machine. Alternatively. hand wash uith 
brush using detergent solution. 

7.3.2 Rinse with control water. 
7.3.3 The more rigorous decontamination lurocedures 

may be employed if nicessar). to meet sampling or QA/QC 
objectives. 

7.4 kpendine. on site conditions, it mav be auurouriate 
to contain spent-decontamination rinse flu&. If ;his is the 
case the appropriate vessel4 for fluid containment should be 
used depending on the ultimate disposition of the material. 

7.5 Depending on site conditions, it ma? lbe desirable to 
perform all equipment decontamination at a centralized 
location as opposed to the location where the equipment was 
used. If this is the case. care must be taken to transpon the 
equipment to the decontamination area such that the spread1 
of contaminants is minimized. 

8. Quality AssuranrelQuility Control 
8.1 It is imponant to document the effectiveness of the 

decontamination procedure. To that end the projects QA/ 
QC program should include provisions for the collection of 
samples to evaluate the completeness of a specific decontam- 
ination procedure. This could include: 

8.1.11 Cotleaion of rinse or wipe samples before the initial 
equipment decontamination prior to its use for sampling to 
establish a base line level of contaminants residing on or in 
the equipment. 

8.1.2 Collection of final rinse or wipe samples after 
equipment decontamination following its use. and 

8.1.3 The frequency of sampling to demonstrate the 
completeness of equipment decontamination is dependent 

8 upon objectives of the project as they relate to Q.A/QC. At a 

- ' A drum approbed b) the Department of Tnnspomtion or similar conmncr 
has been found suitable for this purpou. 



em D5088 
9.1.5 minimum it is recommended after every ten decontamina- 
. .  

9.1 The activities completed for each equipment decon- 
tamination should be documented in writing. Included in 
this report should be the following information: 

9.1.1 Site location, date, time, and weather, 
9.1.2 Sample location where equipment was employed, 
9.1.3 Location where decontamination was performed, 
9.1.4 Individuals performing the decontamination, 

Decontamination procedures, 
Source of materials (solutions) used for decontami- 

Nandling of rinse fluids and accumulates solids. if 

9.1.6 
nation, 

9.1.7 
any, and 

9.1.8 QA/QC sampling performed and analltical results 
of QA/QC’samples whether completed in the field or 
laboratory subsequent to sampling went. 

10. Keywords 
10. I contaminant; decontamination: sampIing: waste 

The American Society tor Tesring and hiarenais takes M pavnon mspectq the villrdny ot any parent nghfs assmed m m n m m n  
wrtn any Rem mentoned In t)us srandard. Users ot mn starward are exprauly advtsed thur determination of me vafidq ol any such 
parent rfghrs. and rhe rrsk ot mtmgement of such rcgha. am umtu4y their own responubr . ‘Iffy. 

ThrJ standards subpet to revas#n at any ffnm by the mspmsfble te&mCal CoRwMIOB andmust be revmwedevsry lm yean anC 
it nor revned, efther respproved or wfbdrm. Y w r  wmtnents are mvrted &bet lor IO ot the st8Mwd 01 kf aUdrt10MI StdndBldJ 
end should be addressed ro ASTM 1 i ~ p 8 ~ e r s  your cc~menn will recam car&! cmsderabcw a a meermg ot rhe res~nsrble 
techma/ contmmee, whfch you m y  anend. It you teel that your eOmmerrn have not mmnM a fav tmanng you ShOuM make y w r  
views known to the ASTM Commmee on Srandards. 7916 Race Sr , hdaddphfa. PA 19103 
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MONITORING WELL 1COMPLETION LOG 

... .. . - .  * .  - .  - . - .  . - .  I .  - .  - 
, . - .  . . - .  . - .  

82-07 

. . . . . . . . .... ..-. . . . . . . . . . . . . . . I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .... . . . . . . . . . . . . . . . . . . . . . . . . 
* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
..I. ..a. . . . . . . . . .... ..I. . . . , . . . . . . . . . . . . - 

Project: Hanliceb Hd TaEngs Site 
Locatioo: Hanticello, Utah 
Site: 
TotalDepth Ut.): 20.0 
Auger StenSze GnJ Unknown 

WELL MTALLATIDN 
ebnkCaSing: 2.0h PVCSched.40 
Screen: 2On PVCSched.40 
slolsize: Wnom 
End Cap: PVC 
Sfout: cement 
Sealant: Eentars'te Pellets 

I700 It. Southeast of East Pie 

lNorVICootdhate (fU 1ooo6.19 
East Coordiiate IfU: 24669.49 
bound Ekvaticn (ft fflk 678450 
Heaswig Point O ~ T .  Ut.): 6785.70 
AugefHeadSin th): Unknown 

INTERVAL (fU 
+LZ to 9 5  
9.5 to  E 5  

Date Drlled: 07/07/82 
DiUii Hetho& Hollow Stem Auger 
Sa~pting Rthod: Spit Barrel 
Development Date: WMWI 
Wata lerei Ut. BEL): Unlrnowq 

BIT SIZES (in) 
Not Applicable 

P.5 to 13.0 
LO t o  9.0 
9.0 to 95 

SWACECASlNG (fU 
Not Applicable 

SandPackNt Unknown 
SandPack[Lt NA 

9.5 to u.0 
Comentr 

Description 
Logged By: a schaer 

I 

l File: 82OT.LOG 
Page 1 of 1 Date Oreun: 03/23/1903 

B-5 



MONITORING WELL COMPLETION LOG 82-08 

Project: MNTICELLO HllL TAILINGS SITE NcrthCwdhrate Iftl iO204.6 DateOriaed: 6/8/82 
Location: Honticek. Utah EastCoordiMte [fU: 24676.2 OrBq Method: Hdbw Stem Auger 
Site: Peripheral Property. hmrgradent of HiKte QOWWI evam [ft. nsl): 6 7 ~ ~  SaPplingMethod SphtSpoon 
TotalOepth (ftk 20.0 Measurhg Point Der. IfU: 6787.3 Development Date: NA 
Auger Stem Size ti10 NA AcgerHeadSize lint 8.0 Water Level (ft. Wk 110, 6/8/82 

EUankCadng: 2 m  SCH40PVC t2.0 to M Not AppTiable 
Screen' 2 m  2inSCH40PVC 12.0 to Rx) 
slot sizlx 0.008 m 
Endcap: 93L40PVC 17.0 to 20.0 SURFACE CASING 
Grout: soil 2.0 to I10 Not APWk 
Sealant: Bentonite 11.0 to l3.0 
Sand Pack (Uk 150130 Frac. sand 13.0 to 20.0 
SandPackUt  NA C(XlWflk 

WELL INSTALLATION INTERVAL (fU BIT SIZES 

5 

10 

15 

20 

r 5011.5 

~ 

~ 1 I 

, , Flle: 82-08.LOG Page 1 of 1 Date Drawn: 11/21/1006 



MONITORING WELL COMPLETION LOG 82-09 
Project: YDONTICELLO HILL TAILINGS SITE ElarthcoOrdinate (fUr g485.1 
Location: Mnticello, Utah East Coordinate [ f t t  25825.2 
Site: Peripheral Propetty, downgraderit of Milsite Ground Elevation Ill. W 67653 
TotalDepth [ftk 14.0 HeasuPing Point Etev. (ftk 6765.9 
Auger Stem Size Iin): NA Auger Head Site chz 8.0 

Bhnlrcating: 2 i n  s c H 4 O P V C  +0.6 to 9.0 
screen: 2h 2 i n s c H 4 0 P V C  0.0 to 13.75 
slotsize: 0.008h 
~EndCap: SCH4OPVC I315 to 14Jl 
Grout: soa 2.0 to 8.0 
Sealant: Bentonite 8.0 to 9.0 
Sand Pack [uk #%/M Frar sand g.0 to 14.0 

M L L  INSTALLATION INTERVAL [fU 

SandPackUk NA 

5- 

9/? 

' 612 

10- 

15- 

I 

j 
I 

!O- 

Comments 
1 Y Cospbtion 

lagram 

n 

.O Same as above. 

. . . 9.0 Grades to yellow-brown sand. t.:.:.::::j ..... ;I::;:;:::;] .... 
8 .  . 
. . . . . . . . . . . . . . . . . . . 

~ ':::::::::. 
, ' . . ; ;..; :., , 

12.0 IDAKOTA SAWSTONE. hard. . . . . . . . . . . . . . . . . . . . 
' .. .......... .,.... ;...:... 

m.:..:..:.. .......... I ._ . . . . . ._,  
I1 I Total depth at 14.0 feet. 

' 5 7  
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MONITORING WELL COMPLETION LOG 82-20 

File: 82-2O.LOG I 

Oate Drawn: 11/21/1998 1 

Project: HDNnCaLO HILL TAILINGS SITE 
Location: Honke!b,Utah 
Site: BLHConpamd 
TotdOepth Ift): 22.5 
Auger Stem Size (in): NA 

Bankcasing: 2 m  SCH40PVC 
Sam 2h SOi.40PVC 
Slot Size: 0.008 
EndCap: Y X 4 O P V C  
&out soa 
sealant: Bentdte 
Sand Pack (ut t50/30 frac sand 

ELL INSTALLATION 

Page 1 of 2 

sQldiPXkUk NA 

Narthcmdinate (ftk 10088.6 
East Cmdhate ,(fU 204186 
Grollnd Elevation Ift )Isu: 6888.0 
&asur*hg Paint Oer. Iftk 6889.7 
AugefHeadSize lihz 8.0 

INTERVAL IfU 
+Ll to 15.4 
l5.4 to L 4  

B.4 to 2LO 
15 to a 4  
u.4 to 14.4 
14.4 to 210 

SURFACE CASING 
Not Applicable 

comments 

1 1 

Description 



MONITORING WELL COMPLEVION LOG 82-20 

.. 

- 
0 
c - a 8  2’ 
(3 

- 
yq 
... .... . . .  .. .. .. .. . .  . . . . . . . . . . . . . . . . . - 

Description 

, 224  DAKOTA SANDSTOM. 

Total depth at 22.5 feet. 
/ 

~ _ _ _ _ _ _  

File: 82-2O.LOG 

Date Drawn: 11/21/1886 
Page 2 of 2 
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MONITORING WELL COMf'LETlON LOG 83-70 

Project: Hanticeb CUI Ta5ngs Site 
Locatii. HonticePa, Utah 
site: 
TotdDepth (ftk 186.0 
Auger Stem Size Gnk NA 

Oowngadient just east of Millsite 

E L L  INSTALLATION 
ebrdrCasing 4 . O h  SUI40WC 
Sueen: 4.0in SCHPOPVC 
Sot Size: 0.03 hr. 
Endcap: 4.0h.SCH40PYC 
Grout: NA 
Sealant: 1/4 in Bentonite Pellets 
Sand Pack (Ut We! Sand 
SandPack(L1 NA 

5- 

15- 

.~ 
!I 

201l 

25- 

, 

30' 
, 

35- 

40- 

45- 

50-' 

~orthCaordMte lftt W9.3 Date Orlied: OlllU83 - 05/17/83 

Growl Elevation (ft. EL): 67962 Saghg Method Rotary CuttmgslCore 
Heaswig Point Uer. IfU: 6196.6 DevebpnentDate: Wnom 
AylerHeadSize IinJ: NA Water Level (ft.BBt Wnown 

East Coordinate (fU 24919.0 orairguellrod: Huadtary 

INTERVAL IfU 
+0.4 to 465 
465 to 1685 

1665 to 167.0 

30.0 to 40.0 

BITSIZES w 
9 . m  ih Rotary I~WI 0.0 to 3ao 
7.875 in Core from 30.0 to I750 
4.875 in Cae from m0 to 86.0 

S U R F A C E ~ I N G  (fU 
8.625 in Steel from #.as to 30.0 

Cement from 0.0 to 30.0 
40.0 to I6.0 

C o n m k  No r e l n t  in amuiu above the bentonite. 

I 

10 e s c r i p t i o n 
Logged By P. Kearl 

- - UNCONSOLIDATEO ALLUVIUM. Uppa lportion primarily Cby. - - .  grading downward to a sandy grareL -- 
- - e  -- - - .  -- - - .  

40.0 Hole making water. -- - - .  -- - - .  -- 
- - .  

medium grained. increase in sand with depth. 

- ' Flle: 837O.LOG 
I Page t of 4 .  

Date Drawn: 03/02/1894 

E1 1 



55- 

BO- 

55- 

ro- 

'5- 

10- 

IS- 

0-  

5- 

3- 

MONITORING WELL COMPLETION LOG 83-70 

m 
Oescrip tion 

ng4omuatic. coarse grained. angular 

pebble fragments. 

ell making water, approximately 10 to  50 gpm. 

0.0 SANDSTONE. medium grained. well rounded. well sorted. 
oderately to well cemented. stringers of dark minerals. 

PEBBLE CONGLOMERATE. medium- to  coarse-grained sand 
i x  with 2L dark minerals. rounded. moderately cemented. 
SANDSTONE. medim grained. rounded grains. modera tcly 

ted. moderately to well cemented, stringer3 of dark minerals. 

I 

Flle: 8370.LOG 

Date Drawn: 03/02/1884 Page 2 of 4 ' 

B-I2 



MONITORING WELL COMPLETION LOG 83-70 

I 
3 

105- 

IIO- 

115- 

120- 

125- 

30- 

35- 

do- 

05- 

io-. 

SANDSTONE, salt and pepper cobr. medi grained. 
rains, moderately rorted. ocattned small pebbles 

SANDSTONE, salt and pepper cobr. medi grained. 
rains, moderately rorted. ocattned small pebbles 

white. meblum graine4. moderately sorted. ueU 

. . . . . .  ....... ........ 
........ . . . . . .  . . .  ..: ....... ........ ........ 

. . . . .  
. . . . . . . .  . . . . . . .  . . . . .  . . .  ....... . . . . . . . .  

25.0 Interbedded. CLAY, light gray. and SANOSTONE. line ----- grained. with clay matrix. 

medium grained. wen rounded, 
pebbles throughout. 

, moderately 

. . . . . . . .  I . . . . . . . .  ':.:'!;.:':f49.0 SAMISTONE. moderately cemented, cross bedding. 
. . . . . . .  

I File: 8 3 f O . L O G  I Page 3 of 4 Date Drawn: 03/02/lSQS 

E13 



MONITORING HELL COMPLETION LOG 83-70 
d - 

5 ?  ' 

P m 
I 

I 

I 
55- 

I 

10- 

E- 

0- 

I 

5- 

0- 

5- I 

I 

I- 

>- 

)- 

I 

Description 
I "  I 

55.0 SANDSTONE. medium grained. aalt and peeper. friable. 
PEBBLE CONGLOHERAJE. with aandatonr matrii. 

, Werately rounded to aubangdar. moderately sorted. 
cemented. friilble. 

60.0 Interbedded PEBBLE CGNGlOMRATE and SANDSTONE. 
grained. allbanOJar to moderately rovlded. moderately 
pebblea scattered throuphout interval (160-0 to 160.5 

....... 

66.0 Lonr CONGLOMERATE layer ia highly calcareous with 
keatone tragmenta. 
168.0 SANOSTOM. with clay or mudstone atringerr. 

: . . ' : ' .. : ' 
l ..:..::: ...... 

----. I  170.0 MORRISON FORHATION, WUOSTONE. ailty. greeniah. 
z - - -. calcareoua. 

I - - - - .Y72.5 WOSTONE. reddish. phyUitic sheen along fracture planes. ----. Lost core from 172.5 to 173.5 feet. 

........ . .  ---- ---- --- ----. ---- ---- ---- 

I 
I 

i 
I 

File: 837Q.LQG I 
uare u 

I Page 4 of 4 
*fawn: 03/02/1094 ne.- 

B-I4 



MONITORING WELL COMPLETION LOG 88-85 
Project: Honticeh W Talngs Site NOrthCoardinate (ftk 43362 

TotalDepth (ftk 12.5 Heasurhg Point Oer. (ftk 6797.6 

Locatii: Honticeh, Utah East Coordinate (fU: 23,982.7 
Site: 

Auger Stem Size linh Unknown AugerHeadSize Gnh Unknown 

E L L  IIGTALLATION INTERVAL (fU 
BbnlrCasing: 2.0h sQI4OPVC M.5 to 6.5 
Screen: 2.0h SCH40PVC 6.5 to IL5 
sbt size: 0.0202bL 
End Cap: 2.0 h SCH 40 PVC 115 to 12.0 

DowngraQent, just east of East Tailings Pie G r d  E&~tiofi (ft. mk 6797.1 

Grout: Unknown 
Sealant: NA 
Sand Pack (U): Unknown 
SaftdPack(Lk NA 

8 

la-ti 
5- 15 

' 50  

50 
I O - ~  

I 

I 

l l O O l A  

IS- 

20- 

I 

25 - 

0.0 to 6.5 

6.5 to 12.5 

Date DrW 09/30/88 
Drilling Methob Hollow-Stem Auger 
Sag6ng Hebad: Spit Barrel 
Development Date Unknown 
Water Levell ( f t  BGIk Unknom 

BITSIZES t i  
Not Applicable 

SURFACE CASING (fU 
Protective Steel from +L6 to Ul 

CoPllnentr Lodr' icap. 

. : ;?[; . - 8  :. 

. . _  . .  . .  - - . .  . . -  . .  . - .  . . _ # . .  . - ' -  . . . - .  . . ,. . . . . . . .  

0 
E l  
a F a  8,' Description 
(3 

Logged Byr K Kautsky 
. . . . . . . 

SILT. Ht. brown (7.5YR 4/21. dry to sliQhUy moist. 

brown (7.5YR 4/21, coarse grained, 

I 12.5 DAKOTA SANDSTONE. 

I Total depth drilled was 12.5 feet. 

File: 8885.LOG 

Date Drawn: 03/02/1004 
Page 1 of 1 

E l  5 
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MONITORING WELL COMPLETION LOG 92-05 

. .  . .  -. . . .  - e -  . . -  . .  . .  - , .  . . _  . .  . .  . .  ' *  - I .  . .  - , .  . . -  . .  . .  - , .  . .  . . _  

Project: Honticeb Miill Ta3ngs Site ~ o r t h  Coartnate (rt): qeiaa 
Locatii Honticeb, Utah East Coorthate [Itk 19,863.11 
Site: Growl Elevation (11- a): 68919 
TotdOeoth Ut): 16.83 Heasurinp Point Eler. [ftt 6894.78 

Upgradient just west of U S  Wway I91 

Auger Stein Size Iins: 4.5 ID X 7.625 OD 

Blank Casing 2.0 in TriLok Sch 40 PYC 
SUEK 2D h. Trilok Sch 40 PVC 
slot Size: o.om in 
End Cap: 2.0 it Trlok SCH 40 PYC 
Grout NA 
Sealant: 114 in Enriroplug PeDets 
Sand Pack (U): 120-40 SFia Sand 
Sand Pack (1): 110-20 Silica Sand 

WELL INSTALLATION 

- 
I 0 

5 

~ 

5-7 

10-10 

6-8 

E-7  

3-3 

5-7 

2-3 

E-IO 

5- 

e-12 

25-53 
10- , 5- la  

2s-i2 

12-26 

40-la 

I C - l o  

23-30 
15- 

cr16 '  

I 

20- 

1 1  

I 

I 

25- 

I 
I 

Auger Head Size Gh): 

INTERYAL Ut) 
t2.88 to I145 
n.45 to 16.36 

16.36 to 16.83 

3.0 to 8.5 

8.5 to 16.83 
e5 to 9.2 

BITSIZES rd  
Not Applicable 

SURFACE CASING Ut.) 
4.0 in Protective Steel f r o m  t326 to 174 

Celnent Pad from +a31 to 3.0 

D escrli p t ion 
ogged By: 0. Traub 

SILT. dark grayish brown [IOYR 4/21. moist to 0.15 feet. then 
dry. no pebbles. 1.0 feet - white calcareous [strong reaction 
l o  HCt) material along fissures and in root holes. 

-3.0 Slightly fghter color than above, grayish brown (IOYR 5/21. 
less than I% Oxidized black organic material. very dry. 

4 . 9  Hoist, darker due l o  moisture. slightly clayey (4.9-6.0 feet). 
low plasticity. 3X  black organic material. 

-5.8 Very moist, water droplets on sampler. 
6.0 ,Dark brown (IOYR 3/31. , 
7.6 SILTY SAND. mottled color (mainly orenge-brown). slightly 
clayey. ISX rounded igneous pebbles to  314 in. A 2 In. 
fractured pebble at 7.8 feet. Less silt brlow 7.8 feet. Lou 
plasticity from 6.0-7.8 feet. 

8.8 SILTY, SANDY GRAVEL. less fines than at 6.0 to 8.0 feet. 
70% pebbles to 3/4 in.. 20% coarse-grained sand. subrounded 
to  subangular pebbles to  2 1/2 in. CobSlc stuck in sampler 
shoe. 

10.0 SILTY SANO. dark grayish brown [IOYR 4/21, slighlly 
clayey, low plaJticity. 40% igneous pebbles to I I /Z in. 
Fraclured pieces of igneous and sandstone cobbles with some 
rounded l o  subrounded edges. 

11.0 SANDY GRAVEL. dark brown, minor clzy. moixt. 25% 
fine-grained sand. rounded igneous and sandstone pebbles l o  
3.0 in. 

Saturated at 14.9 feet. , 
15.8 DAKOTA SANDTONE, SILTY SAND/SANOSTONE??. very dark 
gray (IOYR 3/11. silty. some horizontal bedding. strong reaction 
to HCL. scallered fossil fragments. no pe3bles. 

i Total depth drilled was 16.83 feet. 
i l tho logy for the first 10 feet of hole us) taken from a hole 
drilled about 10 feet to the east and abandoned. 

I 

~~ 

FIle: 9205.LOG 

D a t e  Drawn: 02/04/1094 
Page 1 of 1 

E l  7 
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MONITORING WELL COMPLETION LOG 82-06 

0 z 
0 
a F  IJ 

Proiect: Honticelk Hi1 TaZngs 
L o c a t i i  Honticeuo. Utah 
Site: Upgradient bst west 
TotalDepth Ut): 160.0 
Auger Sten Size 6n.k NA 

Description 
Looaed Bv: S Knutron 

Site 

of U S  Highway I91 

E L L  INSTALLATION 
 blank Casing: 4.0 m Trlok SM 40 WC 
Sueerr 4.0 in Trilok SM 40 PVC 
Sot Size: ODKI in 
End Cap: 
Grout Endoplug Grout 
Sealant: 1/4 in Bentonite Pellets 
Sand Pack IU): i20-40 Silica Sand 

40 k Trilok SM 40 PYC 

NorthCoordimte Ifl): 8847.1 Date Drated: 09/22/92 - IO/$192 
East Coordinate IfU: 8.859.8 D r l i  Method: A i  RotarylCore 
Grwd Ehvation Ut. MSL): 68926 Sa~pling Hetho& NX Core 
Measur'q Point &v. [ft): 6894.95 Oevelgaent Datz 11/08/92 - 11109/92 
Auger Head Size 163 NA Water Level Ill. BGIJ 09.6 19/16/92 

INTERVAL I fW BITSIZES (in1 
2.35 to K9.4 17.5 in Rotary from 0.0 to 2tO 

P9.4 to 159.4 P 2 5  m Rotary from 2LO to UOD 
7.88 in Rotary from K M  to KOA 

159.4 to 60.0 

U3.0 to 126.0 8.625 in Steel from t 2 6 4  to P0.0 
U6.0 to 160.0 . Cement Pad from t0.27 to 3.0 

S W A C E  CASING [IU 
3.8 to P3.0 14.0 in Steel from 0.0 to 210 

SandPack[L): NA 

5 

10 

15 

20 

25 

30 

35 

CO 

4 5  

50 

C o m t s  A bclq cap vas welded to be steel casing. 
I i MI Cclrgktii 

Iagram 

YISAMY GRAVEL. slightly clayey, igneous pebbles to 

21.8 DAKOTA SANOSTONE. SANOSTONE. medium Eght Oray 
(N6.5) t o  dark gray (N3). mottled. fine to  medium grained. 

oubrounded to rubangular. wen cemented. bioturbaled. some 
void spaces. moiat some carbonaceous raterial. trace of cbm 
fossils, trace of pyrite. Possible weathered zone contact 
erosional surface? Idimpled top piece of  core). 31.1-31.5 fret. 
Sample 1 4  [KV). 10/3/92. 0815. Knutson. 

32.2 Interbedded SILTSTONE. medium ~ r s y  lN4.5). with 
SANDSTONE. very light (N7). f he  grained. well cemented. 
subangular. partmgs w i t h  very fine carbanaceous stringers. 
slightly moist. and SHALElCLAYSTONE. Grayish black (N2) to 
medium gray N4.5). carbonaceous. trace of coal, some silt. 
39.1-3a.2 45 degree fracture in claystono. 
38.6-39.0 High angle fracture. almost vertical. 

39.2-42.0 Lost core. 
44.0-48.3 COAL and then grades into CLAYSTONEKOAL 

File: 0206.LOG 

Date Drawn: 02/08/1994 I Page 1 of 4 

5 1 9  



26 
2 m 

I 

55: 

I 
I 

60- 

I 

I 
I 

65- 

70- 

75- 

I 
I 

85- 

go- 

95- 

30-' 

l 

1 

MONITORING WELL COMPLETION ILOG 02-06 

File: 0206.LOG 

Date Drawn: 02/08/1994 
' Page 2 of  4 
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60X 1 

BOX 5 

6 0 X  6 

6ox r 

50X 0 

Description 

.S SILTSTONE, carbonaceous. trace pyrite, some COAL 
I 

I 
I 

I 
I 5.0-56.4 Lost core. 

0.0-618 Lost core. 

0.1 CLAYSTONE. silty medium dark gray lN41. 70.8 feet, 

7.0 SANDSTONE. f i e  grained. lbioturbated. wavy bedding. 

fine to  medium grained. some carbonaceous material. reworked 

fragments. 
--- 1.5-82.1 Hairline fractures with calcareous fracture infilling 11 

4-83.8 45 degree fracture. no Infilling. 
.65-84.7 45 degree fractue. slickens&?a. no hfill. 

75 Horizontal fracture 12 mm gypsum in+dtl, medium dark gray 

1-85.5 45 degree fracture zone, slickensides [I mm opening, 

35-68.75 Fractured zone, 45 degree, horizontal with clay 

0 4 0 . 4  Lost core. 
4 CLAYSTONE. silty, medium gray (N6.51. 
3-94.7 Lost core. 
2-Q5.B Fracture zone, verbcal, horizontal, and 45 degrees 

I 
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05- 

110- 

115 - 

120- 

125- 

130- 

135- 

140- 

145- 

150- 

MONITORING WELL COMPLETION LOG 92-06 
.. 

Description 
I 

........ ....... too.0 coa. 3 mm Layer. . . . . .  . : .. : .. :%00.3 SANDSTONE. fight gray IN71 to dark gray (N3). mottled. 
. : . . : . . fme to medium grained, well cemented, very thin carbonaceous 
..... . . .  .. ., : layers, sdrounded to subangdar pieces. At 103.8 feet. wen 
;;.::;.I:: cemented, some thin layers of pale- yellowish broken sandstone 

.,...:... ..:-104.0-104.5 Sample I S  IKV). 10/05/92. 1550. Knutson. 
05.7-106.0 Vertical fracture. no infang. 
07.8 Green claystone clasts. 

........ .......... 
......... 
. . .  ........ 
........ . 
........ .......... :- (2-4 m). trace coal tragments. slightly moist . . .  .:..:.. . 
. : .. : .. : 
........ 

08.5-108.85 Incomplete vertical fracture, very slightly 

........ ............. ........ ........ . . . . .  . . . . .  11.7- II6.65 Some chert fragment layers and trace of Qreen -..-.. ........ . :. ..: ... : . : _. : _. 
.::.:. 
. :: . _. 

clay stone clasts. 
........ ......... . . . . . . .  
........ ...... :......+l 6.65 SANDSTONE. pale yellowish brown IIOYR 6/21, medium 
. . . . . .  .: grained. subangdar to  subrounded. very thin layers of 

........... ........ carbonaceous material. conglomeratic. Chert Snd sandstone 
clasts from 1-3 mm. Irregular shapes (Black to gray). crumbly 

118.0 BURRO CANYON FORMATION. SANDSTONE. very light gray 
(Ne). very fine grained. no carbonaceous materiaL 

........ . . . . .  
. . . . .  . . .  . . . . . . . .  . . . . . . . .  ........ . . . . .  7 grains on outside of core. 
........ . ........... ::. . :. .. ........ ........ . . . . .  

5-119.8 Color becomes pinkish gray (5YR Ell) .  
.O-121.0 Interval not cored. 

.O SILTY SANDSTONE, light greenish gray (SG8/1). very fine 
fine grained. medium cemented but s o f t  I o  blade, some 
erbedded layers of CLAYSTOM/SILTSTONE. greenish gray 

8/11. becomes wen cemented at 125.0 feet, some pyrite. 
.4-130.1 cost core. 
.I SANDSTONE. cdir  becomes very light gray IN81 to light 

ay (N7). fine .grained. well cemented, slightly moist. pyrite up 

.5 Green CLAYSTONE clasts (up to I h.) in SANDSTONE. 

6.0-137.3 Sample 18 (KV). 10/15/82. 1400. Knutson. 
.IS 5% fracture. no infill: grades Into SANDSTONE. medium 

.35 Interbedded thin layers of mafic minerals/pebbles: black 
er t. gray sandstone fragments. feldspars. green claystone 

.65-139.6 Fracture zone, horizontal and almost vertical. no 

Rock fragments. then  grades into SANDSTONE. 
OHERATIC. medium grained. 

-145.0. 45 degree fracture. 
SANDSTONE. wbte (N9.5). very fine grained, well 

mented [almost slicified), two - 45 degree fractures. 
incomplete. Thin graded layerr of cherl and aandstone 

File: 9206.LOG 

Date Drawn: 02/08/1994 
Page 3 of 4 
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I File: 0206.LOG 

1 Date Drawn: 02/08/1994 
Page 4 of 4 

w e l  CoKOktion 
&Or- 

--l58.8-160.0 Incomplete vertical fractwe with sandatone. chert, 
and plagioclase fragments in thin layers. 
Total depth drilled was 160.0 feet. 

, . . -  . .  . ' -  . ,  I -.. - - - 
i :. - . . 
1 :. - . . 

, . . -  . .  , . . _  . .  ; . - .  
8 . .  

I . - .  

I - - - 1  . . _  . .  
I . . -  . .  . - .  . .-  . .  , . - . 8  

. . -  .. . '  . .  . .  . -  . !  . .  8 .  . .  

Description 

...... 

..-... 

...... 

...... . ... .. .. :.* - .. .... . ... .. ...... . ... _. .. ... . ... ... ...... . ... .. 
b58.0 Cokr becomes very light gray IN8.51. trace pyrite. 

~ _ _ _ _  ~~ ~ 

-[continued) some claata of green daystone. Color becomes 
Gght gray (N7) a1 1487 lee: Semph #9 IKM. 148.0-148.35 
feet. 10/15/02. BOO. Knubon. 147.5-149.6 Fracture zone. 45 

~ degree fracture. no infin. 
150.2 SANOSTOM. light gray IN71 to  greenish gray (5GY 8/11. 
1 fhe to medium grained, well cemented. trace to some chert and 
1 pyrite. 
k50.8-152.0 Fracture zone, vertical, broken up interval. 
452.0-154.9 Lost core, very aoft zone when driiling. 
454.9 SANOSTCtNE. light greenish gray I5G 8/11. fine grained. 
well cemented 

B-22 



MONITORING WELL COMPLETION LOG 92-07 

’roject: HonticeDo Idp Tai6ngs Site NorthCoordiite ( f t t  IOJ62.3 O a k D r i M  D W 9 2  
.ocation: Honticeb, Utah East c w t d m t e  (ry: 23,gtaz Oraha Method: Hollou-Stem Auger 
%e: 
lotdDepth Ut.): 2U3 Heasurhg Point Uer. Iftk 6805.85 Development Date: Kl/17/92 
huger Stem Size [id. 4.5 IO X 7.625 00 

Bank Casing: 2.0 in Trilok Sch 40 PVC +225 to 15.3 Not Applicable 
Screen: 2.0 in. TrLok Sch 40 PVC 15.3 to 20.3 
sbt sze: o.omin. 
End Cap: 20 m Trlok Sch 40 WC 20.3 to 20.7 SURFAMCASING (fU 
Grout: Enviiophtg 20 to 9.5 4.0 in RotectiveSteel from +257 to 2.43 
Sealant: 1/4 in Envbopbg Pelets 9.5 to P.6 C e m t  Pad from a37 to 2.0 
Sand Pack [U): 120-40 Sitica Sand 12.6 to U.0 

Downgradient, iust east of East Taiiiigs Pae Ground %ration (ft. HSl): 6803.6 Saq6ng Hetho& SpFit Barrel 3:O in. X 24 i 

Water Level [ft BGLk 16.86, y1/@192 Auger HeadSize (ink 8.0 

HELL INSTALLATION INTERVAL (fU BIT SIZES r i  

Sand Pack Ut 110-20 SiRa Sand 13.0 to 2L3 Comments CHE-75 om Rig 

lell CMIpktiim 
capram 0 

E a 2  
Z - J  

Logged By: 0. Traub . 

Description 

roots throughout moderate HU reaclion. 
No1 as stiff as above. firm, 5% caliche on fractures. strong 
ction to HCL. dry. 

.O Same as above. dark brown I ’ IJYA 4/31. 

.O Dark brown ITSYR 3/21, stiff. 2% cakhe. 1% black oxidized 
rganic material to 1/4 in.. slightly moist. 

le caliche below 9.0 feet. moderate HCL reaction down t o  
feet then no HCL reaction, moist at 9.6 fee t  

/SANDY SILT. dark brown. very fine-grained 

, saturated at  15.5 feet. 

Total depth drilled was 21.33 feet. 

File: 9207.log 

Date Drawn: 02104It99d 
. Page 1 of 1 
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MONITORING WELL COMPLETION 1LOG 92-08 

Probet: H o n t i b  Hill Tangs Site 
Location: HonticeBo,'Utah 
Site: 
~ ~ t a l ~ e p t h  utt 18% 
Auger Stem Size Imt 4.25 ID X 1.625 00 

Bank Casing: 2.0 in TriLok SCH 40 PVC 
Saeert 2.O'a TrlokSCH4OPVC 
Slot Size: 0.010 in 
EM cap: 
Grout: Envifoplug 

Downgradient, north of Hontezuma Creek 

HELL INSTALLATION 

2.0 h Traok sa 40 PVC 

Sealant: 1/4 in Enrkoplug Pellets 
Sand Pack (Ut 120-40 Silica Sand 

North Coordinate (fU: 8,61243 DateDrW 2)/01/82 
East Coordinate (fU: 25,382.00 0riIb-q Method: Hdow-Stem Augec 
Ground Eteration ( t t  HSL): 6773.1 
Heaswing Point Oer. (ftt 6775.68 Development Date: xl1l6/92 - Y)/l9/92 
nuger Head Sin ti3 8.0 

Sa~p6ng Method: Spfit Barrel, 3.0 in X 24 in 

Water Level (11. BW. 4.4 Kl/OV92 

INTERVAL IfU   BIT SIZES (id 
+258 to 129 Not AppFkable 
12.8 to l7.8 

17.8 to 1825 
2.8 to 12 

to.4 to l625 
tz to m.4 

W A C €  CASING [tu 
4.0 in Protective Steel from +2.9 to 21 

Cement Pad from +0.44 to 2.9 

SandPackfL1: NA 

2 f d  

316 

413 

312 

0:2 1 

5- 
~ 2/1 

1 DUSh 

DLsn 

I 011 

313 1 

515 

013 

5120 

15/33 
IS- 

35/40 

25/28 

3 2 l C O  

I 

? O - '  

61 

comments CE-75 aa Rig 

dl bnpkti I 1 

Description 
Logged By: D. Traub 

SANOY SILT. dark brown (7.5YR 3/31. soft. dry. no caliche. no 
reaction with HCL. trace of roots. 

I.,',. 5 .'1 

.O Increase in moisture content. saturated a t  4.8 feel. no 
ebbler. Jightly clayey in several 0.1-0.2 foot thick intervals. 
ery low plasticity. 
.O Dark lbrown (7.5YR 3/21. saturated. s o f t  with minor intervals 
f low plasticity clay. no pebbles. 

SAND. silty. clayey, almost sandy silt. dark brown, fine 
ined. s a tva t ed .  more clay in 0.1 foot intervals. 

8 0.2 foot layer of subrounded to subangular igneous 

t o  2 in.. some iron staining, 201: fine-to medlwn- Qrained sand. 
.O Igneous cobble stuck in sampler tip. mainly fraclured 
neous and sandstone (white) cobbles. 

VEL. gray to orange (iron-stained sand). fractured 
to  16.9 feet. Fractured igneous pebble gravel. gray t o  

Flle: 0208.lOg 
Page 1 of 1 

1 D a t e  Draun:  02/04/1994 
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MONITORING WELL COMPLETION LOG 92-09 

Project: b n t i i e b  Hi4 Tai6ngs Site North Cooldite Ut): 8,366.88 Date Or&& 09/24/92 
Location: HanticeBo, Utah East Coordinate IfU: 27.4d9.65 D r a i  Method: Hollow-Stem Auger 
Site: Far downgradient, east of Mlsite hound &vation ut m): 6730.8 SapgSng Hethod: Split Barrel 3.0 in X 24 in 
TotalOepth 1ft.k 16.4 Heasuing Point &v. I f t i  673329 Derekplnent Date: 0/08/92 - IO/M/92 
Auger Stem Size 6n.k 45 ID X 7.625 00 

Blank Casing: 2.0 in. Trilok SCH 40 PVC 
Sueen: 2.0 h TriLok SCH 40 PVC 
Slot Size: 0.00 in 
End Cap: 2.0 in Trlok SCH 40 PVC 
&Out Enviropbg 
Sedant: 1/4 in Enviroplug Pelets 
Sand Pack [VZ 520-40 Silica Sand 
Sand Pack 11): CIO-20 Sifra Sand 

WELL INSTAUATION 

0 
I 

If8 

717 

415 

5/6 

3f 5 

5/ 1 

3/5 

5- 

r i a  
A / A  

5/10 

11/25 

2 5 / 2 7  

2 / 2 2  

2 4 / 3 3  

010 

I?/:: 

5015” 

lo- 

‘5- 

20 - 

25- 

soil 

samDles 

not  

savea 

Auger Head Size W 

INTERVAL [IU 
+2.49 to lO.9 
0.9 to EO 

8.0 to 16.3 
20 to 4 2 5  
425 l o  7.5 
7.5 to 8.0 
8.0 to 16.4 

0 
E Q g  
1- I  
D 

8.0 na ta  Level Ill. BRt n69, m/20/92 

BIT SIZES [id 
Not AppliiaMe 

SURFACE CASING [fU 
4.0 k ProtectiveSteel fro0 +2.79 to 221 

Cement Pad from +a44 to 2.0 

Description 
.owed By: D. Traub 

SILT, sandy. stiohtty clayey, dark brown (7.5YR 4/21. stiff. 
moist. no pebbles. some roots. minor caliche at 2.0 feeL 

4 . 3  Increase in moisture. 

+lightly more clay from 8.5 to 6.8 feet, (no change in 
appearance but more plastic than before]. no caliche 8 to 8 
feel, minor reaction to HCL from 6.0 to 6.4 feet then no 

.O SILT. dark brown. one 3 in. subrounded igneous cobble a t  

12.0 SAND. silty. dark gray. very wet some light pay sandstone 
fragments to 3 in.. 0.1 foo t  of rounded igneous pebble gravel 
between the sandstone fragments. Only 0.5 foot of sample 
recovered. 

-44.0 No recovery. rock plugged sampler lip. 

15.9 BURRO CANYON FORMATION. SILTSTONE. graylgreen and 
some randstone fragments. light gray. Slnpler refusal after 0.5 
foot. Very hard1 drilling. solid. 

I 

I 
Total depth drilled was 16.4 fee t  

File: 9208.log ’ 
Date Drawn: 02/04/1994 

Page 1 of  I 
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MONITORING WELL COMPLETION LOG 92-10 

5- 

10- 

15- 

20- 

25- 

30- 

35- 

40- 

45- 

50- 

Project: Honticelo Hill fai6ngs Site 
Locatiin: Monticello, Utah 
Site: 
TotdDepth [ftt 65.0 
Auger Sler Site T i  NA 

elad casino: 4.0 in Triiok SCH 40 PVC 
Screen: 4.0 in Trilok SCH 40 PVC 
slotsire: 0.owin 
End Cap: 
Grout: Envioplug Grout 
Sealant: 1/4 in Bentonite Pellets 
Sand Pack (Ut 120-40 Silica Sand 
SandPackIL): NA 

Far domgradiint, east of Cblkte 

WELL INSTALLATION 

4.0 in. Trilok SCH 40 PVC 

i :i. .I : .! : 1 
, . l o . ?  . . . . . . . .  
.:;..':;..':; ........ ........ . . . . . .  ........ . .  ........ 

North Coordinate [ftk 9365.0 Date DrW. w)/02/92 - 10/26/92 
East Coordiite ( f t k  27.424.8 Olilfhg Method: Aif/Kst Rotary 
GroundUeration [ft.HSLZ. 67315 SaqhgMethod NXCore 
Heaturig Point Rev. [ftt 6733.8 Developnent Date: 1/08/92 
AugerHeadSize Iin): NA Water Level (It. BGL): 3L0, 10/26/92 

INTERVAL (ftl BIT SIZES ( i )  

t2.3 to 344 1225 in Rotary from 0.0 to  25.0 
34.4 to 64.4 7.88 in Rotary from 25.0 to 60.0 

16.0 WEATHEREO BURRO CANYON FORMATION (uppermost 
section 111. SANDSTONE. uhite to light tan. fine to  medium 

64.4 to 65.0 
3.0 to 26.6 
26.6 to 29.8 m Cement Pad from +0.34 to 3.0 
29.8 to 65.0 

Comments Locking cap was welded to steel c a w .  

SURFACE CASING Iftl 
8.625 ih Steel from t2.38 to 25.0 

60Y 1 

6CX 2 

sox 3 

Description ' I Loaaed Bv: 5. Knutm/C. Goodkriaht 

I 

20.0 BURRO CANYON FORMATION. SANDSTONE. white to light 
tan. fine to medium grained. trace pyrite. 

5.0 SILTSTONE. silicified. light green. 

7.0 SANDSTONE, light gray INf.5). fine grained. well cemented 
(almost silicified). subrounded to subangular grains. interbedded 

n layers of mafic minerals/pebbles. conglomeratic. Black to 
y. layers dip - 10-20 degrees: chert. plagioclase. sandstone, 

rite. green claystone clasts, 1 m to 2 cm in size. very moist. 
.6 Very thin layer of green claystone k m )  

7.65 SANDSTONE, light grsy (N7.5). fine grained. 
9.0-39.25 Sample (13 (KV), 10/25/02. 1315. Knutson 
0.0 Samples above Become more conglomeratic in separate I p:;q . . . .  

. . . .  ........ ... .......... 

ote: After the 40.0-50.0 feet core run. borehole producing -3 
gpm of water. 

File: 8210.LOG 

D a t e  Drawn: 02/08/1994 
Page 1 of 2 
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MONITORING WELL COMPLETION LOG 92-10 

. . -  . .  I~ . . - ...I 

. - .  
. . - '. . '  . . _ .  . - .  
. . -  . ., . -  . . - , . .  . -  - . .  - 1 -  - 1  :. - '.. ., , 

. . - I:., - - , !  

. - .  . . - I. ., . - . :  . .  ,. . . -  . - .  . .  
. I  . . -  .., . - .  . . - 8 .  .# . , I  

. .  . . I  

- . . ,. ., . - .  

Description 

. . ..: .::: 
... :.. ...... ..::..: . .. . .. 

. .  . .  . .  ...... ...... 

SANOSTONE b h t  gray IN7.5). fine grained. well cemented. 
subrounded to subangular grains. interbedded thin layers of 
mafic ~ninerals/pebbles I+% dip). trace green claystone 
ciast* 
51.35-5165 Sample 114 IKV). 10/25/92.1640. Knutsoh 
54.5 Becomes conglomeratic with pebble and mafic minerals, 
plagiocbse (size up to  2 an). very thin green daystone layers. 
54.8 Color becomes pale yellowish brown IIOYR 8/21. SUI 
conglomeratic: 55.1-55.3 feet - fight gray. fine grained. pyrite 
at contact between atstone. 
55.3 SILTY SANDSTONE. greenish gray (SG 8/11. very fine 
grained. well cemented. thin layers of claystone lgreenih 
gray). slightly moist. 
57.5 Grades into sandstone. Gght gray. fine grained. well 
cemented. 1% pyrite. 
80.5 Interbedded thin layers of mafic mincrals/pebbles. 
conglomeratic. size up to 4cm. -45 degree dip. trace of green 
claystone clasts. moist. 

Total, depth drilled was 65.0 feet. 
Stainless steel centralizer was placed at 29.0 feel. 

File: Q2lO.LOG 

Oate  Drawn: 02/08/1094 
Page 2 of  2 

e 

e 



MONITORING HELL COPQPLETION LOG 92-11 

Project: Honticeb WI Tailings Site North Coordinate Ut): 10,6K1.07 Date Billed: lO10V92 
Location: Honticella, Utah Easl Coordinate I!U: 23,65229 DrW Method: Halbu-Stem Auger 
Site: 
TataiDepth Ut): 142 H2aswbg Point Oev. lft.): 6808.93 Derebpment Dale: 10109192 - 10120192 

Downgradientis1 east of East taigs pile 6raund Ebatian [!t. MSlk 6806.5 Sallpbng Method SpFt Barrel, 3.0 in X 24 k 

Auger Stem Size Cn): 4.5 ID X 7.625 00 

Blank Casing: 20 h TriLok SM 40 PVC 
Sueen: 2.0 in. TrLok SCH 40 WC 
Slot Size: O.0Oin 
End Cap: 20 in Trilok SCH 40 PVC 
&Out: Cement 
Sealant 114 in Enrkoplug Pellets 
Sand Pack IU): #IO-20 =a Sand 
SandPwk(L): NA 

E L L  INSTALLATION 

q 
I 5  

I 

U116 

10114 

2 13 

1 A16  

w a  
5- 

715 

1 @ I t 2  

12/13 

1 9/20 

22126 

13/16 

32/33 

016 

9/25 

25fO" 

10- 

I5- 

'O- 

5- 

Auger Head Size GnJ 

INTERVAL (fU 
t2.43 to 953 
8.53 to U.88 

U.88 to 14.18 
0.0 to 4.0 
4.0 to 7.0 
7.0 to 14.18 

0 
E ,  
Q O  
2 - 1  a 

8.0 Water Level Ut. BGL): 0.33, 10/17/92 

BIT SIZES lid 
Not Applicable 

SURFACE CASlNG (fU 
4.0 in Protective Steel from t2.7 to 2.3 

Cewnt Pad from +0.37 to  4.0 

Description 
Logged By: 0. Traub 

SILT, sandy. brown (7.5YR 5/21. dry. no caliche or pebbles. 
moderate reaction to HCL. 

+.O SILT. with very fine-grained sand. sti!!. dry. slightly clayey, 

4.6 SAND. silty. dark brown (7.5YR 4/21. 

fine-to meOium-grained sand content increasing. 

+.O SILT, sandy. dark brown. fiuq moist. grades hto a silty, 
medium-grained sand. 10% pebbles to  314 in. from 7.8 to 8.0 
feet. Minor reaction to HCL throughout 

8.0 GfiAVEL. sandy. slightly silty. iron stained. various colors 
dopendng on lpebble type (igneous or sandstone). fractured 
igneous and sandstone pebbles to 2 in. with 90% less than 114 
in. Moist to 8.5 feet. then saturated. 

k r a c t u r e d .  subrounded to subangular. igneous pebbles to 2 in.. 
silty and sandy to 11.0 feet, then little Jilt from 11.0 to 12.0 feet. 

-GRAVEL, sandy. JiQhtly silty. medium-to COarse-grahed. slightly 
silty. subrounded to subangdar igneous pebbles. 70% gravel. 
25% sand. 5 X  silt. 

I 14.1 DAKOTA SANOSTONE, SILTSTONE. dark gray. fragments on 
center bit. drilling hard, auger refusal 

-Total depth drilled was 14.2 feet .  

I 

File: Q211.loo ' 
Oate Orawn: 02/07/1994 I 

Page 1 of 1 
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MONITORING WELL COMPtETIOlM LO6 92-92 
Date Drillea M/22/P - 10/30/82 Project: Honticelk Hit Tailings Site Narthcoardinate ( f t t  m22.4 

TotalDepth (ft.): 60.0 Measllring Point Eler. Ift): 8809.4 DeftbpmentDate: NA 

WELL INSTALLATION INTERVAL (fW BITSUES Id 

Lowtian: Honticeb, Utah East Coordinate (fU: 23670.9 OriRing Method: e ( v d / # k t  Rotary 
Site: Domgadient, iust east of East T a m s  Pile Ground Ebation (11. MSLt 8807.1 SanprpISMethod NXCore 

Auger Stem Size link NA AugerHeadSize W NA Water Level [ft. W): Dry, 10/30/Qz 

Bank Casing: 4.0 in Trbk SCH 40 PVC t2.34 to 42.9 1225 h Rotary frasl ao to 21.0 
Screea 4.0 in Tribk SM 40 PVC 42.9 to 52.9 7.88 in, Rotary fratn 2LO to 60.0 
Slot Size: 0.OlOin. 
End Cap: 4.0 in. Tribk SCH 40 PVC 52.9 to 53.5 SURFACE CASIS LfW 
Grout Enruoplug 3.0 to 38.0 14.0 in Steel ham 0.0 to 24.0 
Sealant: 114 in Bentonite Pellets 36.0 to 40.0 8.625 in Steel frata t259 to 38.0 
Sand Pack (Uk 120-40 Saica Swd 40.0 to 54.9 in Cement Pad from tO.32 to 3.0 
SandPa~k[L): NA 

5- 

10- 

15- 

!O - 

25- 

I 
I 

30- 
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001 

45- 

50- 

Colnmeotr A bckii cap was welded to the steel casing. 

I .. . . I  ... - . . I  

. . _  . . I  

. . _  * . I  

. . -  . .  . . _  . .  - - ,  . . - :. 

. ._  . . I  

. - .  . _  - ,  . , ,  . .-  .. . - .  

Description 

LLUVIUM. see lithologic log for monitoring well 82-11 for more 

ILT, sandy, brown l7.5YR 5/21, dry, no caliche. no pebbles. 

.O GRAVEL. sandy, slightly silty, fractured igneous and 
Pebbles, medium to coarse grained sand. 

#14.1 WEATHERED DAKOTA SANDSTONE. 
SILTSTONUSANUSTONE. dark gray to brownish black ISYR 
2/11, fine grained. 

-25.8 Lost core. 

YSTONE. graylsh black IN2). carbonaceous, some 
grained sandstone layers ( I  cm): 
L, black (Nil. thin hairline fractures filled In with white 
(noncalcareous). trace pyrite. 

7.2 Interbeddedl CLAYSTONE. dark gray (N3). carbonaceous, 
ith SILTSTONE, medium dark gray IN4). and SANDSTONE, silty. 
ry light gray IN81 to medium gray (N5). very 'fine to fine 

rained. bioturbated. mottled. some carbonaceous material. 

5.45-45.83 Sample 115 IKV). 10/30/92. 0830. Knutson. 

'Flle: Q212.LOG 

Date Drawn: 10/28/1QQ7 
Page 1 of 2 
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d 

fine to medium grained, trace of carbonaceous material, trace 
of pebbleslfragments. becomlngi 9ghtly friable on outside of 

~ core. 

58.5 SANOSTONE. very Ught  gray. fine to medium grabred. well 
cemented, 4% mafic mlneral/pebble fragments and 
carbonaceou fragments, 2X pebMe fraarnents (3mm). white 
pbgioclase?. fluvial crossbedding. 

Total depth drUled was.60.0 feet. 
Stahless steel centrallzers placed at 40.0 feet and 10.0 feet. 

55- 

60- 

65- 

70- 

75- 

80- 

I 

801 

85- 

00- 

File: 8212.LOG 

Date Drawn: 10/20/1@07 

' 
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MONITORING WELL COWETPON LO6 92-12 

Description 

52.1-52.2 45 degree parUng1 along COAL parting. 

S5.4 Decrease in carbonaceous material to 10%. 



MONITORING WELL COMPLET-ION LOG 92-13 
Project: Honticeb MiU Taifinps Site North CoordiMte Ut): 9,8532 Date Drued: lO/29/93 
L o c a t i i  Hanticeb, Utah East Coordbte IfU: l9.864.8 Orihg Method: A ~ I  Rotary 
site: Upgradient, just west of U.S m w a y  SI Ground @vation lft. EL): 6892.3 Sap96ng Hethod Rotary Cuttings 
TotaiDepth If!.): 114.3 Heasu'tg Point Ekv. Ut): 6894.7 Devebpment Date: N/09/92 
AugerStenSize (ink NA Aug~HeadSize tn): NA Water level  111. BGLt 1142, lllOV92 

Blank Casing: 4.0 h. Traok SCH 40 PVC +24 to lo3.7 17.5 in Rotary from 0.0 to 2LO 
Screen: 4.0 in Trilok SCH 40 PVC 103.7 to a.7 P25 h Rotary fron ZLO to 100.0 
Slot Size: 0.010 in 7.88 in Rotary from 100.0 to 1l43 
End Cap: 4.0 h. Trilok SCH 40 PVC 113.7 to 114.3 SURFACE CASING (fU 
Grout Enrircplup 3.0 to 97.5 14.0 n Steel from 0.0 to ZLO 
Sealant: 1/4 in. Bentonite Pellets 91.5 to 100.8 8.625 n Steel from +27 to 100.0 
Sand Pack IU): 120-40 Silica Sand 100.8 to 114.3 ._ Cement Pad fron +0.29 to 3.0 

WELL INSTALLATION INTERVAL IfU BIT SIZES lid 

SandPackILt NA 

I 

I 

5- 

10- 

15 - 

20- 

25- 

30- 

I 

3 5 1  

I 
$0- I 

I 1  

I 

I 

50- 
I 

C&entr A b c k i i  cap was welded to the steel casing. 

Description 
logged By: S. Knutson . 

.9 SILTYISANOY GRAVEL. slightly clayey (low plasticity). dart 
r o w .  40% igneous .and sandstone (gray) pebbles to size 1.5 

LTY SANO. dark grayish brown '(IOYR 012). slightly 

4.0-48.3 COAL, Black. 

J 

File: 0 2 1 3 . L O G  

IDate Drawn: 02/08/1994 
Page 1 of 3 
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MONITORING WELL COMPLETION LOG 92-13 

? 

I 

I 

I "  I 

I 

I 

Description 

File: 0213.LOG I 

IDate Drawn: 02/08/1994 I Page 2 of  3 

0.0 Interbedded SnALE/SILTSTOM/SANOSTONE, light gray 
sandstone. 

to SILTSTONE medium dark q a y .  
-. . 

8.7 SANOSTONE. medium dark gray lN4.5). flne grained. 
9.2 SILTY CLAYSTONE. interbedded with SILTSTONE. medium 

gray l o  medium dark gray. carbonaceous. 

-. 

8.8-114.3 SANDSTONE. very light gray [NS) to dark gray lN3). 
fine l o  medium grained. bioturb2te3. carbonaceous 

----- material layers. trace of pyrite. ----- - - - - - -  

a 

Q 

B-34 



05- 

HO- 

115- 

I 

20- 
I 

I 

I 

125- 
I 

I 
I 

I 

30- 

I 

135- 

I 

40; 

45- 

I 

I 

I 
l50d 

MONITORING WELL COMPLETION LOG 92-13 

Description 

Some dark mafic pebbler. green clayrton fragment$ at 
111.7-114.0 feet. DAKOTA SANDSTONUBURRO CANYON 
FOWTION contact at 120.0 feet. see ithologic log of 
monitoring wen 82-06. 

Total depth dfined waJ 114.3 feet. 
I 

Stainleas rteel centralizer, werelplaced at 100.0 and 30.0 
feet. 

File: 8213.LOG 

Date Drawn: 02/08/1994 
Page 3 of 3 
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MONITORING WELL COMPLETION LOG 93-01 (84-77) 

Project: Honticeno Hill Ta3ngs Site 
Locatii: Honticella, Utah 
Site: 
TotalOepth (It): 180.0 
Auger Stem SF? (ink NA 

Hilsite, ht east of US. Kghway I91 

WELL INSTALLATION 
Blank Casing: 4.0 in SCH 40 PVC 
Sueen: 4 . 0 h  SCH 40PVC 
sot Size: Main 
End Cap: 
Grout: Vokby 
Seabnt: 114 in Bentonite Penets 
Sand Pack IU): t20-40 Silica Sand 
Sand Pack (L): 110-20 Sika Sand 

4.0 in. SCH 40 PVC 

~~~~ ~ 

North Coordinate (ftk #,Os72 Date baed: 08/02/84 - 08/08/64 
East Coordiite (fU: 20,454.7 Drilling Method: AblFow Rotary 
Ground Elevation (ft. EL): 68892 Sa'qEng &tho& Rotary Cuttmgs 
Measuring Point Eler. (ftk 6889.98 Derekpment Date: y3/14/93 
Auger Head Size W Nh Water Level (ft W): lO7.0, Y)/14/93 

INTERVAL (IW BIT SIZES ti) 
tO.68 to n&5 12.0 in Rotary fron 0.0 to 92.0 
H8.5 to 178.6 6.75 in 'Rotay from 92.0 to 10.0 

178.6 to 179.1 SURFACECASING IltJ 
2.0 to a.0 
n6.0 to 112.0 Cement Pad from t0.33 to 2.0 
112.0 to 114.5 
1145 to 10.0 Conments: We# was reinstalled Ifornerty knobm as 84-77). 

8.125 in. Steel from +Lt8 to 92.0 

5- 

10- 
I 

15- 

!O- 
:I 

!5- 

, 
IO- 

15- 

JO- , 
I 

45- 
I 

50- 

AY. light, brown, dry. soft. 

ravel lens from 7.5-8.0 feet. 

more moist Below 10.0 feet. 
sandy. brown. medium stiff, moist. 

~ ~ ~ ~ 7 3 0  Some pebbles 10.5 in.). 

6.0' Interbedded SANDSTONE and SHALE layers. SANDSTONE. 

9.0 SANDSTONE. light gray. fine grained. well cemented. 

3.0 Some fragments o f  carbomceous material. 

5.0 Some stringers and thin layers of  carbonaceous 

~ 

File: 03-01.LOG 
l Page 1 of 4 

Date Drawn: 03/03/1004 
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Description 

2.0 SNSTONE. dark gray, fine grained. well cemented, hard. 

File: 93-OLLOG 

Oak Drawn: 03/03/1004 

7.0 COAL and WALE. silty. carbonaceous to  81.0 feet. 

- 

Page 2 of 4 

2.0 Increase in interbedded layers of siliceous SHALE.lblack. 

7.5 SANDSTONE. gray. fine grained. hard SHALE, thh layer, 

0.0 SHALE. gray brown. 

--- 
. . . . . .  4.0 SANDSTONE. light brown. fine grained. weflicemented. 
. . . . . . .  . , . .  _ .  . . . . .  . . . . .  . . . . . . .  . . . . . .  . . . . .  . : . , .  . . . . . . .  . . . . . . .  . . . . .  8.0 Color becoming dark gray. .:.: . . . . . . .  . . . . . . .  . . . . .  . .: .: . . . . . .  
I 

E 3 8  



Uel ComQkUon 
&gram 

0 
P 

(3 

1.8 Description 
I d  

c I 

. . . .  100.0-105.0 Interbedded. SHALE. black Icarbonaceow to low 
-:;=: -_--- grade COAL). wlth SNUDSTONE. light gray to medium gray. fuu 
::.-.:.< grained. well cemented, hard. 

.......... 
----- 

105- 

110- 

tl5- 

20- 

25- 

30 - 

35- 

10- 

15- 

'0 - 

----- -___- ........ ........ 
: '. .' : '. .' ' 

,' ::::'.:' 
08.0 Encountered groundwater. 
07.0 SANDSTONE. gray white. medium grained, poorly cemented. 

........ ........ r -  ........ ..;..'!:..':. friable. rome fragmenb and atringerr of carbonaceous 

........ . :; . . :: ::. materbl. . . : . _. 

0 

. . . .  ...... ....... :. ....... 1:;.-(_;1 . . .  

ome pebbles. gray. dark gray. and red Brown chert, ana 
coarse-gralned sand fragmentr. 

20.0 SANDSTONE. white. medium grained. poorly cemented. 
friable. contalning blue-green clayey lenses and pebble zones 

. . . .  
;.:'. 1 .. ;', : '1 . . . . . . .  
. . . . .  
. .:.: 
. . . . . . .  
. . . . .  . . .  . . . . . . .  

32.0 SANDSTONE, fine grained. well cemented, hard. 

34.0 DriUing becomes easier [softer material). 
35.0-140.0 CLAY layer, blue gray. 

. . .  
:.. . .  ,.~:::~:~f14l.O SANDSTONE, gray. fine grained. well cemented. 
. . . . . . .  . . . . .  .: .: . . . . . . .  . . , . . , . 
. . . . . . .  . . . . . . .  .. , . .  _ .  ;-::--:I . . . . .  . . . . . . .  . . . . . . .  . . . . . .  

. . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  
, .: _. . . . . . . .  . . , . . , . 
. . . . . .  . . . . . . .  . . . . . . .  

. . . . .  . . .  

. . . . .  . . .  . . . . . . .  
.. , ._ , . . , . . , . . , . . . . . .  
. . . . . . .  
. . . . .  

File: 03-O1.LOG 

Date  Drawn: 03/03/1994 Page 3 of 4 
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MONITORING WELL COMPLETION LOG 03-01 (84-77) 

#Des c r i p t i on 

50.0-155.0 SANOSTONE. poorly cemented. friable. 

+80.0 SANDSTONE. white to gray. fine grained. moderately to 
well cemented. friable. lntefbedded with layers of SHALE, gray. 

-Becoming harder at 187.0 #feet. 

472.0 Making water In fractures zones? 

d78.0 Producing water at approximately I2 to I5 gpm. 

Total depth drilled was 180.0 feet. Thia well waJ formerly known 
as 84-77. The PVC. rand. and bentonite were drilled out 
(10/12/93 - 10/13/931 and the borehole was reamed. The 

monitoring well was reinstalled and developed. 

File: 93-01.LOG 

Date Drawn: 03/03/1984 
Page 4 of  4 .  
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MONITORING WELL COWPLEVION LO6 95-01 

5- 

10- 

, 
15- , 

I 

, 
~ 

!O- 

OateDrlled: K/2O/B5 
Locatim: Honticelk, Utah East Coordinate IfU: 30182.74 OtPiHethod: AirRotary 
site: w IIIIMS6 Ground Elemtion 111. wsu: 6672.33 Saw6ng&thcd None 

Project: HanticeOo Hi0 Taiings site Narthcwdinate I f t k  84Q.38 

TotalOeDth (ft): 8.83 kaswhg PointIEleV. l f t t  6675.83 DerekpmtDate: NA 
Allgel stem Size Lk NA 

WELL INSTALLATION 
~Blanb Casing: 2.Oin SMl40PVC 
Screen: 2.0if1. SCH40PVC 
SktShe: MlOin 
EndCap: SCH40PVC 
Grout Concrete IOuiduete) 
Sealant: 1/4 in Bentonite Penets 
Sand Pack IU): 120-40 Silica Sand 
Sand Pack (L): 110-20 Silica Sand 

Auger Head Sin Ibr): 

INTERVAL lft) 
-3.5 to 3.5 
3.5 to a5 

8.5 to 8.83 

225 to 3.16 
3.16 to 3.66 
3.66 to 8.83 

0.0 10 a 

NA Water Level [ft. 86u: 0.91, 01/04/86 

BITSIZES lid 
7.875 in Rotary from ao to n.0 

SURFACE CASING I f U  

m ConaetelPad from -R3 to 0.3 
6.0 h FfatectireSteel from -3.70 to 124 

Comments Ldhdoqic log described from we! 95-02. 

Description 
.owed By: L. Spencer 
IOESS.lML. Includes SAND 18OX). silty. dark brown (IOYR 4/31. 
moist. some quartzose pebbles 0 5 X i  trace roots. 

-2.0 SAND 150x1. ML. very dark gray IIOYR 3/11. fine-grained. 
some sUty day. and SAND (40%). silty. grayish brown IIOYR 
5/21, mottled, some angular pebbles to 7.5 cm in slze IIOX), 
saturated. some root halrs (slightly plastic). 
14.0 SANO (?OX). SM. dark grayish brown IIOYR 4/21. fine- to 
medium- grained. puartzodpoorly graded. saturated. 
subrounded to rounded pebbles with some chert 125%). Jze to 8 
cm. 
4.0 GRAVEL IBOX). sandy, GM, rounded to subrounded pebbles 
with some chert, size to 8 cm, saturated. SAND (30x1, silty. Si. 
dark graylsh brown IIOYR 4/21. poorly graded. 

Total depth at 8.83 ft. 

File: 05-0l.iog 

Date Drawn: 03/10/1007 
Page 1l of 1 
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MONITORING WELL COMPLETION LOG 95-02 
Project: Honticeb Kil 1- Site NathCoordmte If0 845215 DateOrlled: p120/85 
Locatim HonticeBo, Utah East Coordinate [fU: 3OffO.ff Drhg Mod:  As RotarylCore 
site: OUIIYCISG GrourtdElwation [ft.WSU: 6672.88 Sapling Method: SpNt SpoonlNx Cwe 
TOtalOepth (ftk 28.5 Measuring Point Eler. [ftk 661888 DevekpmentOak NA 
Auger Stem Size (ink NA AugerHeadSize Gnk NA Water Level Ut. B6Lk -0.03, 01/04/86 

E L L  INSTALLATION INTERVAL [ftJ BITSIZES [id 
BhnkCasing: 4.0m SCH40PVC -6.0 to f82 P25 h Rotary froa a0 to 145 
Screen: 4.0in sM4OPVC m2 to a.2 7.875 iL Rotary from 14.5 to 28.5 
slat size: O.O@ in 
Endcap: SCH40PVC 28.2 to 28.5 SURFACE CASING IftJ 
Grout Concrete [Ouidrretel 1x0 to 52 6.0 h. &&?ctiweSted from -62 to 0.8 
Sealant: 1/4 in Bentonite PeDets/SRrrry 52 to I62 8.625 m Steel from 0.0 to I45 
Sand Pack [U): f20-40 Silica Sand 62 to ff2 
Sand Pack U1: 110-20 Silica Sand 17.2 to 28.5 Comments Stainless Steel Centraker Q appror 1848 f t  

3.05 in RotarylCore from 14.5 to 28.5 

B Concrete Pad from 0.0 to 52 

Flle: 95-02.10~ 
Page 1 of 2 

0 
E 

Description 

, , , , LOESS. SILT 135%). ML. and SAND 180%). silty. dark brown 
(IOYR 4/31. moist some quartzose pebbles to- 2.5 cm in slze 
(5%). trace roots. 

, very dark gray (IOYR 3/11, fine-grained, 
SAND (40%). silty. grayish brown (IOYR 

cobbles to 7 cm In slze liOX1. saturated. 

SM. dark grayish brown IIOYR 4/21. flne- to 
mostly quartzose/chwt grains. saturated. 
unded cobbles to 8 cm In Jze 125x1. 

sandy. GH, rounded to subrounded cobbles 
Ith some chert size to 8 cm. saturated, with SAND (30%). sAty. 

SM. dark grayish brown (IOYR 4/21. 

10.0 BURRO CANYON FORMATION, S A M  (weathered 
SANOSTOM ?). llght gray 110YR 7/11. quartzose, with minor 
orange chert grains. rounded grains, kss than 1% pyrite. 

3.0 SANO I50-60X1. white to light gray IIOYR 7/11. some 
rounded chert pebbles ItOX). with SANOSTONE. olive gray (5YR 
5/21. very fine- grained, slightly friable, fairly well sorted 
grains. Minor black minerals mixed with sandstone. trace of dark 
angular shale pebbles. 

E. quartzose. IIOYR 8/11. medium-grained, wen 
lack and orange chert grains. slightly moist, 
. Corehoie making water. 

Fracture, 70 degrees. 

ure. limonite-coated, TO degrees. SANOSTONE 
yellow IIOYR 8/81. limonitic-stained (mottled). 
to medium-grained. Hole making 
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MONITORING WEhR COMPLETION LQG 95-02 
W e l  Completion 

0 
ii 

t3 

0.8 
2 - I  

r 

#Description 

8.8 SANDSTONE. gray (5Y 6/11. fine-grained. quartzose, mobt 
dark minerals (4%) along bedding surfaces. trece pyrite 
grains At 21.0 ft. Increase in white fine-gralned silt or chert 

ONE, very pale brown (IO'fR 7/61, flne- to 
ea.lmottiea with nmonite stain on incaned bedding 
to 20 degrees). pebbler/fraglpents (5%) up to 1.3 

gments and dark chert fragments. 

dant water (-1' gpm). trace of chert 
ragments. bedding Inclined IO to 20 degrees. 

0 Increase in chert and day fragments (I-ZX). up to 1.3 cm 
ome mottnng. limonite staining. bedding not very 

FUe: 85-02.log 

Date Drawn: 03/18/1887 
Page 2 of 2 



MONHORING WELL COWLETIN LOG 95-03 

-7.0 to 8.0 No sample recovery. 
to 4 cm size, with SAND, silty. dark 

0 
I 

1 

Project: Honticelb e6D Taiings Site 
Location: Honticeb, Utah 
Site: w III/HsG 
TotalDepth (ft): 110 
Auger Stem Size Gnk NA 

BbnkCasing: 2.0in SCH4OPVC 
Screen: 2.0 h. SCHlQ PVC 
Sot Size: 0.OB in 
End Cap: SCH 40 PVC 
Grout: Concrete OIuichrete) 
Sealant: 

sand Pack (L): #lo-% Silica Sand 

WELL INSTALLATION 

1/4 in Bentonite PeHetslHde Plug 
sand Pack (U): 120-40 S s i  Sand 

DateDrilled: OVO4/Q6 
Drilii wethod: Ai Rotary 

NorthCoordnate Ift): 8476.55 
EastCootdkak Iftk 2863Q.54 

HeaswingPdntElev. (ft): 6704.7E DerekpmentDate: NA 
AugerHeadSize (iht N4 WaterLevel IftW 0.85, 01/04/86 

GroladElevation ( f t  ffl): 87026 sappsng Mew SpH SpoonlChIpr 

INTERVAL (ft) BITSTES C i )  
- 2 3  to 556 7.675 h Rotary from ao to LO 

to M56 

to56 to H1.90 
0.0 to Ls 
L5 to 4.9 
4.9 to 5.3 
5.3 to m.8 Cornmentr 

SWIFACE CASING (ftl 

in ConcretePad from 4 3  to 0.3 
6.0 in. AotecIiueSteel from -25 to 25 

0 
E 
I d 1  x~ Description 
a 1  Logged Br 1. Spencer 

SILT (85x1. sandy. It, dark grayish brown (IOYR 4/21, some 
mottnng. very dark gray (IOYR 3/11, some subrounded pebbles 
(sandstone) up to 30 mm ske (5x1, dry. crumbly, minor roots. ~ 

I 
I 
1 -3.0 to 3.5 SAND (60%). silty. HL. dark gray (IOYR 4/11. 

l fhe-gralned. and SILT (10%). clayey. ML, very dark gray I lOYR 
3/11. plasticity. moist. some rounded cobbles (30%) to 8 cm 
size. 

-3.5 to 5.0 No sample recovery. 

10.0 BURRO CANYON SANDSTONE, SAND. quartzose. dark 
graylsh brown (IOYR 4/21. fine-grained, some red and yellow 
grains with a few dark minerals. saturated. 

Total depth at 11.0 ft. 

1 File: 85-03.10~ 
I 

Page 11 of 1 
Date  Drawn: 03/18/1887 
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)(1ONITORING WE4L COMPLETION LOG 95-04 

5- 

IO- 

15- 

20- 

Project: Honticeb chll Tailings Site 
Location: Honticela, Utah 
site: ouIII/HsG 
TotalDepth (ftk 345 
Ager Stem Size ( i i  NA 

Blankcasing: 4.0m SCH40PVC 
Screerr 4.Oih scH4OPVC 
stsize: aomm 
Endcap: SCH40PVC 
Grout: Conuefe (Quiirete) 
Sealant: V4 in Bentonite PelletslSRPry 
Sand Pack (Uk 120-40 Saia Sand 
Sand Pack (Lk #IO-20 Silica Sand 

HELL INSTALLATION 

N o r t h C ~ d h a t e  (ftk 8068.8 DafeI)rw 01/04/98 
hWtg Method: AT RotarylCore East Coardhate [fU: 28635.66 

6 r d  Elevation (ft. CrSLt 670259 ~ h g ~ t h o &  ChosMxCore 
kasurinp Point Elev. (ftk 670824 DevekpmentDate: NA 
AugerHeadSizeW NA Water Level (ft. 86Lk 023, W04/Q6 

INTERVAL I f t)  BITSIZES (id 
-3.65 to 24.0 
24.0 to 34.0 

34.0 to 34.33 
-LO lo 4.0 , 

4.0 to 2LO 
210 to 22.0 
22.0 to 34.33 

P25 m Rotary from 0.0 to 8.0 
7.875 m Rotary from P.0 to 34.33 
3P5 m RotarylCore h a  1 5  to 345 

SURFACE CASING IfU 
a625 h steel from -Lo to 8.0 
6.0 h. Rotective Steel from -3.85 to LIS 
bl Concrete from -LO to 4.0 
Comments Stainless Steel Centraizer @ approx. 22-23 ft 

DescriDtion 
(3 

logged By. 1. Spencer 
AU sorted. ILT IQOX), sandy. ML, very dark brown (IOYR3/2)3 

some clay, plastic. saturated. roots and root hairs. 

0 SAND 160%). SM. quartzose, very dark grayish brown IIOYR 
to subrounded grairu. some yellow, orange. 

and black mineral grains. some silt 130%). trace root .. 

.O SAND 170%). SW. dark gray IIOYR 4/11. rounded to 
. -. - . . . * .* -. subangular sand. same minerals as above. silt (6%). trace 

pebbles of green mudstone and black shale. . . .  ,* 4 Kf.:::ifb.o Sand, as above, with increasing muastone 150%). 
*. 

IIOYR 5/21, fine-grained. u e U  sorted. rounded to subrounded 
grains, some orange and yellow minerals. 

5 SANDSTONE. medium- to coarse-grained. gray IIOYR 5/0, 
artzose. angular dark gray chert pebbles 115%) up to I cm In 

Fllei ~5-04.iog 

Date Drawn: 03/1Q/I9Q7 
Page 1 of 2 
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MONITORING WELL COMPLETION LOG 95-04 

Description 

8.8 SANDSTONE. fine-gralned. gray (IOYR 6/11, subrounded to 

:..: .. :. ... ........ 
........ ...:... : ... 5.0 SANDSTONE. as above, some bbck siltstone nodules. ........ ........ . . . . .  

ANDSTONE. Rne-gralned. gray (IOYR 8/11. subrounded 

t h y  grains of pyrite. uttuated. 
ANDSTONE. as above, medium-grained. 

trace dark lahrerab. thy yelow. pink, and black minerals. 

8 SANDSTONE. fine- to medium-grained. gray (IOYR 6/11, 
me minerals as above with more dark minerals. white siltstone 

and orange chert fragments to 0.5 cm In size, trace pyrite 

Total depth at 34.5 11. Hole making up to I gpm water. 

File: 85-04.10g 
Page 2 of 2 

Date Drawn: 03/18/1887 



MOMHTORPNG HELL COQQPLETPON~ LOG 95-06 

bger Stem !&e (ihk NA 

Blankcasing: 4.0m SCH4OPVC 
Screen: 4 D h  sM4OPVC 
Slot Size: 0.OfO in 
End Cap: SCH40PVC 
Grout: Bentonite IRseW 
Sealant: V4 in Bentonite Pellets 
Sand Pack (Uk 220-40 S a i i  Sand1 
sand Pack (L): 110-20 Silica Sand 

WELL INSTSTALLATION 

Auger Head Si= Im): 

INTERVAL IfU 
-3.03 to 80.12 
80.12 to I0s.P 

to5.P to w5.50 
2.0 to 83.50 
83.50 to 8850 
atxo to 8a50 
88% to IOSSO 

'rokct: Honticeb c60 Tai6ngs Site NdhCoordmate (ft): D750.20 Dateorm w22/88 

rota Depth [ftk 105.5 Heasuring Point Oev. ut): m27U Dereloprnentbte: NA 

Orarplg Mod: Ak RotarylCare ncatii Honticeb, Utah East Coordiite IfU: 25350.01 
Ste: oUnuHs6 Grolnd Elevation (ft. nslt 6824.0 SaupKngHethod ChipslNxCore 

NA Water Level Ut. B6u: 88.89, OV25/96 

BIT SIZE!5 (id 
P25 m Rotary from 0.0 to 820 
7.975 h Rotary from 820 to W)W 
IPS in Rotary/Care from 64.0 to S O  

SURFACE CASING [fU 
8.625 in steel froa 0.0 to 82.0 
8.0 in. RotectireSteel from -3.25 to L75 
m concrete fraar 0 to 2.0 

Comments: Stainless Steel Cenbdzer 8 appror 89-80 ft. 

I 

I 

5-I 

10- 

15- 
I 

I 
I 

20- 

~~ ~ 

Description 
ogged By: L. Spencer 
GRAVEL. silty and sandy. GM. brown [IOYR 5/41. gravel up to 3 
cm in size. mostly roadbase. dry. 

2.0 SAND (70%). dty,  SH. fincgrained. light brownish gray 
IlOYR 6/21. and angular gravel [30n up to 3 cm in Jze. slightly 

moist. 

4.0 SILT (00%). sandy. ML. dark brown UOYR 4/41. some clay. 
few subangular sandstone and igneous rock pebbles (5%) up to 
2.5 cm in size. slightly plastic, slightly moist, trace roots 

4 0  SILT, as above with a few subangular to subrowed 
pebbles. 

-10.0 SILT, as above, brown (1OYR 5/31. 

-12.0 SILT. as above with no pebbles. 

14.0 DAKOTA SANDSTONE. weathered shale, gray (IOYR 5/11, 
mainly angular shale chips, moderately calcareous. 

i 8 . 0  SANDSTONEISHALE. interbedded. 

File: 95-06.log 

Date Drawn: 03/19/1997 
Page 1 of 4 
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~MODUITORING WELL COMPLETION LOG 95-06 

Description 

5.7 COAL, black t1OYR 2/11. 

I 
I 

i SILTSTONE. gray (IOYR 6/11. noncalcareorn. very hard, 
nlte staining in very flne-gralned sandstone interbeds. 

SILTSTONE, clayey (4011. brown, IlOYR 5/31. with 
I dstone (40x1. very pale brown IlOYR 8/31. 

I 
I .O SILTSTONE. clayey (80%). grayish brown (2SY 6/21. some 

clayey. very dark gray IlOYR 3/11, with some 38.0, SILTSTONE. 
coal 

SILTSTONE, clayey, grayish brown (2.5Y 5/21. 

File: 95-06.10g 

Date Drawn: 03/18/1987 
l Page 2 of 4 
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MONITORING WELL COMPLETION LOG 95-06 

Description 

0.0 SANOSTONE. the-greined. Mht gray (2.5Y 7/11, with 
bidescent pyrite segregations and Interbeds of clilyey 

1.0 SHALE, carbonaceous. dark gray (2.S 4/11, and siltstone 
with pyrite segregations. 

4.0 SILTSTONE. gray (IOYR 5/11. noncalcarew. moist, finely 
isseminated carbonaceous material. 

6.4 SANDSTONE, very fine-orained. gray (10YR 6/11. 
ioturbated wavy bedding, carbonaceous mats less than I mm 

rm burrow casts less than 1 cm long. 
fine-grained. light Bray (1OYR 7/11, 

mented. crossbedded. trace orange e r a 1  

dark gray (IOYR 4/11, noncakareous. 

1.5 CARBONACEOUS SANOSTONE. fine-grained, light gray 
(10YR 7/11. pyrite segregations. feu carbonaceous mats. , 

Abundancy of mats increases and bedding is contorted, 72.5 to 

CARBONACEOUS SANOSTONE. as above, fine- to 
um-grained. a few clay end chert nodules up to 4 mm in 
saturated. low-angle crossbedding. noncalcareous. A t  
to 77.8 f t  is scoured zone of fine-grained sandstone that 

been fractured and filled with chert: zone is slightly moist 
contains pyrite nodules. 

77.8 BURRO CANYON FORMATION. sandstone. very fine-grained, 
gray (Ne). Horizontal and steeply Inclined fractures healed or 
replaced by pyrite at 80.0 to 80.1 ft. 

File: 05-06.10~ 

Date Drawn: 03/10/1007 
Page 3 of 4 
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MONITORING WELL COMPLETION LOG 95-06 
0 
E 
a F  !!-I Description 

15 - 

to- 

I "  I 

....... 

8.4 SANDSTONE. fine-grained, light o h ?  gray I5Y 6/11 to 
greenish- gray (50 6/11. moist. some siltstone present From 
89.7 to 8t.5 ft. sandstone Is very light gray (N81 and 
saturated. Sandstone is medium- grained from 91.5 to 92.5 f t  
and light gray (N7). 

crossbedding from 84.1 to 84.8 ft. .......... . . . . . .  .. _ .  _ .  . 
4.8 SANDSTONE, fne-grained. very light gray INB), saturated. 
lth some greenish gray I56 8/11 siltstone. 

8.5 SANDSTONE. fine- to medium-grained. light olive gray I 5Y  
11). 8rkojC. white and gray clay grains. poorly cemented. 

saturated. mineral grains consist of pyrite and orange and 
yellow colored types. Lost 102.0 to 104.1 ft. Sandstone is 
medlum- to coarse-grained, arkoslc. at 104.1 to 104.25 ft. 

04.25 SHALE, greenish gray (56 8/11. soft. moist. Rotary 
drilled from 105.0 to 105.5 ft. no core recovered. ---- 
Total depth at 105.5 ft. 

File: e5-08.10g 

Date Drawn: 03/18/1887 
Page 4 of  4 
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MONITORING WELL COWLETION LO6 95-07 
Project: HonticeBo Wl Tai6ngs Site 
L o c a t i  YknticeBa, Utah 
site: WIIIIWSG 
TotdDepth (ftt 10.2 
Auger Stem Size link NA 

IWCadng: 2.0h SCH4OPVC 
been: 2.00. scH40PVC 
skt size: O.Oo#) in 
EndCap: scH40PVC 
Grout: Bentonite IRseW) 
Sealant: 114 in Bentonite Pellets 
sand Pack IU): 
sand Pack n): #IO-20 %a sand 

WELL INSTALLATION 

C20-40 S i  Swd 

NorthCoadiMte Iftt ll462.72 OateoPiIled: W23l96 
East Coor6inate Iftt 23200.68 OliUhgnethod: AkRatarylCore 
GroundEleration IftUSLt 6880.4 a k b t  Ctips/NXCore 

Auger HeadSize NA Water Level [ft. B3.k lO3.76, 02/08/96 
Heasuring Point Oer. (ftt 6883.34 OerelOpsrentDate: NA 

INTERVAL l(ft) BITSIZES T i )  
-2.94 to 79.9 
7g.9 to logs 

109.9 to 1102 
2.0 to 75.0 
75.0 to 77.0 
77.0 to 77.8 
77.9 to D2 

P25 n Rotary from (LO to 75.0 
6.75 in Rotary h a  75.0 to 80.2 
3.P5 in Rotarylcore from 0.0 to 1102 

SURFACE WIN6 IIfU 
8625 in Steel from 0.0 to 75.0 
6.0 hr. RotectiveSteel from -3.6 to 185 
in Concrete from -0.5 to 2.0 

Comments Stain!ess Steel CentraSzer P 78.5 and m9.B 

Description 
logged Br IL. spencer . 

MAKOS SHALE, weathered. dark gray IlOYR 4/11. dry. brittle. 
laminated, a few shell and fish pieces, and a few roots and 

-st--!. 
?--E-: 2.0 SILTSTONE, dark brown (1OYR 4/31, dry, some fine-qalned 

sand (15%). a few roots and shale fragments. 

~ fie-grained sand. 
- 

.O SHALE (501) and SILTSTONE (50%). weathered, dark gray 
(10YR 4/11, nonplasuc. 

4 . 0  SHALE (60%). dark gray (IOYR 4/11 and SILTSTONE (40%). 
dark brown (IOYR 4/31, fahly loose, nonpiastic. 

-9.0 SHALE. medium gray (NS), calcareous. fractured, dry, a few 
f i h  and shell imprints. Fractures horizontal to 20 degrees. 
Trace of segregated pyrite and hematite stains (5YR 6/41 in 
fractures. Lost 8.0 to It.0 ft. probably fractured shale. 

q 4 . 0  SHALE, medium dark gray IN4). calcareous. 
-44.5 SHALE, fractured, with limonitelhematite staining. 
h4.Q SHALE. as above with tiny fish fragments and imprints of 

shells, very small pyrite segregations. some hematite staining in 
very thin (less than 0.5 mm) horizontal fractures. 

tiny 

1 IFile: 05-07.log ' 
1 Da te  Drawn: 03/18/1087 IPage t o f  5 
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MONITORING WELL CQMPLETION LO6 95-07 

3.7 SHALE. as above with no pyrite or shell fragments. 

' 
File: 95-07.10~ 

Date  Drawn: 03/19/1007 
Page 2 of 5 
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MONITORING WELL COMPlETION LOG 85-07 

Description 

, medhw gray (MI, very so f t  JlQhtly moist 
lightly p l e s k  
dark qay  W3). calcareous. Cost 5l.9 to 52.3 

4.0 WALE dark gray M3). calcareous. a few shell fragments. 

8.3 SHALE, medium dark Oray (N4). soft, clay-We. Coal. black 
~ 2 ) .  very low grade. at 88.3 to 88.4 ft. 

y INB). flne-grained, 
some disseminated 
ncalcareous. . fine-grained. trace 
onaceom mats, damp. 

8.2 SHALE, dark gray (N3). carbonaceous. soft, trace of 
scattered pyrite nodules. moist. Coal. grayish black lN2). low 
grade. and carbonaceous shale. black. soft, moist. trace pyrite 
nodules up to 1 cm in size and disseminated pyrite. some plant 
frapments. at 78.2 t o  78.8 ft. Shale. light b r o d s h  gray [5YR 
8/11. aoft. clay-like. at 80.4 to  80.5 11. 

I 

File: 95-07.10~ 

Date Dram:  03/10/1007 
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MONITORING WELL COMPLETION LOG 85-07 
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0.5 COAL. black (NI). few pyrlte nodules. fairly good grade. 
81.8 to 84.5 11. Coal. grayish black IN2). low grade. few 
e nodules. at 80.5 to 8115 ft. 8L35 to 81.8 11. and 84.5 to 
f t  Clay. Ught brownish gray I5YR 6/11. interbedded wlth l 

low grade coal, few pyrite no6ules, at 8t15 to 81.35 ft. 

I 5 2  SILTSTONE/SHALE. medlum gray IN%. soft  

66.6 SILTSTONE/SANDSTONE. Rght gray (NT). hard satstone 
Interbedded with very h - g r a k d  sandstone. trace oran= 
minerals and b i b  of carbon, thin carbonaceous mats throughout. 
moist Sandstone, medium Ught gray IN6). fine-grained. 
quartzose. few orange and dark mineral grains. moist. at 87.1 to 
87.4 ft. 
67.4 SHALE, dark gray (NJ). carbonaceous. moist 
90.0 COAL, grayish black IN2). low grade, few pyrite nodules up 
to 2 cm in size. fractured. Lost 80.3 to 80.8 ft. Carbonaceous 
shale, dark gray (N3). slightly mist. et 81.3 to 82.0 ft. 

b 2 . 0 1  SILTSTONE. medium gray INS) to medium light gray (N6). 
few pyrite nodules. dry. Lost 823 to 92.6 ft. Sandstone. 
medium Ught gray (Ne). very fine-grained. hterbedded with 
medium Ught gray Jibtone. few pyrite grains and nodules, 
crotsbedded. slightly moist. at 84.8 to 88.4 ft. 

File: 85-07.iog I 

Date Drawn: 03/l9/1087 
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MONITORING WELL COMPLETION LOG 95-Q7 

'I 

Description 

Total depth et llOP 11. 

File: 05-07.iog 
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MONITORING HELL COMPLETION LOG 95-08 
Project: Honticeib MU Talngs Site NorthCoordiite Iftt lO126.09 Date[)rilled: W!3/96 
Location: Honticeb, Utah East Coordinate l f t t  28170.16 Oriling Method: Air Rotarylbre 
Site: w III/KG Ground Elevation (ft. WSU: 8838.5 Sanphgkthad: ChipslNXCore 

Auger Stem Size link NA 

Blankcasing: 4 . 0 h  SCH40PVC -101 to P4.63 P25  in Rotary from 0.0 to pox) 
Screen: 4.0in sM4OPVC Q4.63 to 54.63 7.875 in Rotary from P0.0 to 1551) 
Slot Size: O.O@ in 
Endcap: SCH4OWC 154.63 to 155.0 SURFACE CASlffi ( f U  
Grout Bentonite IRaeGold) 150 to M.BO 6.625 in steel from 0.0 to pa0 
Sealant: 1/4 in. Bentonite Pellets 
Sand Pack [ut t20-40 Saia Sand KL90 to 122.95 m Concrete f r m  4 . 5  to L5 
Sand Pack (L): 110-20 Sitka Sand 

rotdkpth ( f t k  155.0 lkasufhg Point Oer. [ f t t  884L51 DerebplDentDate: NA 

WELL INSTALLATION INTERVAL I f U  BITSIZES w 
Auger Head Size link NA Water Level (ft. BGUC Q4.85. 02/15/86 

3.P5 in Rotary/Core h a  Q0.0 to Ei.0 

118.90 to 121.90 

122.95 to 155.0 

6.0 in. Protective Steel from -325 to L75 

Ccuiments: Stainless Steel CentraSzer @ P4.5 and 154.5 

0 

? 

5- 

I 

10- 

I 

I 

I 
I 

I 

15- 

I 
I 

20- 

- 
m a ai? 
v) 

Completion I I 

I 

Description 

File: 85-08.10~ ' 
Date Drawn: 03/1Q/lBQ7 
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MONITORING WELL COMPLETION LOG 95-08 

Description 

brown (IOYR 8/21. sandstone (30%). small plecet of gray shale 
00%). *hUy moist. calcareous. 

ACEOUS SANDSTONE. medium gray (N5). 
loosely cemented. noncalcareous. At 34 to 35 11. 
dark yellowish brown IIOYR 4/21. 

NDSTONE. fine-grained. quartzose, very pale oranoe 
/2), few yellow. orange. and black mineral grains, dry. 
ay shale (10%). At 40 to 45 ft, sandstone is grayish 
(IOYR 7/4). At 44.5 f t  b a molst sandstone. 

5.0 SANDSTONE, fine- to medium-grahed. dark yellowish 
range (IOMI 6/81, quartzose. moist. 

File: 95-08.10~ 

Date Drawn: 03/19/1997 
Page 2 of 6 
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MONITORING WELL COMPLETION LOG 95-08 

0.0 SANDSTONE. tine-gralned. pale ycaowish brown (tom 
8/21. quartzose. few thy yeilonish white and dark chert 
fragments and orange end yeaow ndneral grains. satvated. 

SANDSTONE. as above. moderate yelowlsh brown IlOYR 
, few coaly (bleck) fragments, saturated. At 83 to 65 f t  is 
way (!iY 4/11, fine-grained sandstone with coal fragments 

dark gray IN31 shale. 

5.0 SILTSTONE. sandy. medium q a y  (NS). sticky. few dark 
ray IN31 shale fragments. 

Qralns. few gray shale fragments. 

File: 05-08.10g 

D a t e  Drawn: 03/19/1001 
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MONITORING WELL COWLETION LOG 95-08 

m 

Description 

0.0 SHALE. carbonaceous. dark gray (N3) t o  medium dark gray 
N4). some snty claystone and fine-qalned sandstone. Lost 

84.8 to 85.0 ft. 

SANDSTONE, very fine-grained. medium dark gray lN4). 
tly bioturbated. a filled near-vertkal fracture. Hedlum dark 
siltstone from 86.0 to 88.8 ft. noncalcareous. 

.8 SANDSTONE, as above, medium gray (N5), fluvial 
edding. trace carbonaceous fragments and bioturbated 

.5 SANDSTONE, flne-grained. medium dark gray (MI. 
ndstone Is crossbedded showing well-defined carbonaceous 

mats. Some pyrite nodules up to 0.5 cm In dre. At 102.0 ft. 
becomes finer qalned. 

SILTSTONE, carbonaceous. medium dark gray (N4) to 
m gray lN5). Coal from 102.3 to 102.8 11. Fracture at 45 

degrees at  103.5 ft. Siltstone is dark aray (N5) from 103.5 to 
105.5 f 1. 

08.3 CARBONACEOUS SANDSTONE. as above, medium gray 

. , . . . . , 

Flle: B5-08.log 

Date Drawn: 03/19/1007 
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MONITORING WELL COMPLETION LOG 95-08 

W 

. ... . .,. . .  . .-..’ .‘-. 
-;.;-;: 
. . , . . . . . 11.0 CARBONACEOUS SANDSTONE, fine- to medium-gralned. : .?.,.’ .-. --I 
_ . C .  . :. : , :. I 
.‘:T.::T. 

-. ,. -. .. , . .  . (  
.......... .. ....:.. . .  .... , 
: .. : ,. :.. ....,..,.;.,. 

. :..:: :.. . . , . ,. . , . ,. ._ . , 

. .......... 
:::. ; ,. :,. . . . . . . . . . . . . . . . . . . . . . . . . . . .._..._... 

L 

pale ye(lowih Mown (IOYR 8/21. slightly moist. Few gay  chert 
fragments at 111.7 f t  Lost 112.0 to 112.4 ft. Subangular to 
subrwnded chert fragments up to 15 cm h size. few pyrlte 
nodules up to I cm In slze. and saturated at 112.4 to 112.8 ft. 

112.8 BURRO CANYON FORMATION, SANOSTONE. very 
flne-grained. medhm Ught g a y  (MI). noncalcareous. weU 
cemented, red end black mineral grainS. moist. Less well 
cemented and change to greenish gray from 114.0 to 114.5 ft. 
Lost 114.5 to 115.0 f t  
115.0 SANDSTONE, fine- to medium-grained, light olive gray 15Y 
8/11, llght gray to black chert pebbles. saturated. Very 
t h e - g r a d  greenish gray (5G 8/11 sandstone at 115.7 to 117.7 
f t  with trace of black chert pebbtes, well cemented. dry. 
(17.7 SANOSTONE, fine-grained. Ught greenish gray (SGY 8/11, 
quartzose, less well cemented, noncalcareous. slightly moist. 
Lost 110.0 to 120.5 ft. Moist to saturated from 120.5 to 1218 ft. 

I 

4 1 . 8  SANDSTOM. flne- to very tie-grained. quartzose, 
greenish gray (SGY 6/11 to light greenish gray IWY 8/11, 
moderately cemented. moist. Some disseminated pyrite and 
pyrite nodules at 121.8 to 121.0 ft. Lost 124.8 to 125.2 ft. Few 
pyrite nodules 125.2 to 128.2 ft. At 1282 to 128.3 f t  b yeUowish 
gray 15Y 8/11. medium-grained sandstone with yellow and 
orange chert grains, saturated. some pyrite grains and very 
fine. white chalk/clay attached to quartz prains. 

4 2 8 . 3  SANDSTONE. fine- to medium-grained. very pale orange 
(IOYR 8/21, quartzose. friable. saturated. few orange and yellow 

mineral grains and pyrite grains. 

28.0 SANDSTONE. fine-grained, yellowish gray I5Y 8/11. friable. 
aturated, orange and yellow mineral grains. Lost 131.3 to 132.1 

32.1 SANDSTONE. very fine-grained. pale yellowish brown [IOYR 
121 to very pale orange IIOYR 8/21, few orange, yellow. and 

black mineral grains. saturated. A t  132.1 to 132.2 ft is 
fine-grained sandstone, greenish gray 15GY 6/11. with chert 
pebbles up to I cm In size. A t  133.1 and 134.1 it. a few orange 
and gray chert chlps mixed with medium-grained sandstone. 
Lost 134.2 t o  134.7 11. At 134.7 to 135.0 11. medium-grained, to 
very fine-grained, light gray IN71 sandstone with orange and 

y pebbles, wen cemented, dry. 

.e SILTSTONE. dark greenish gray ISGY 4/11, soft, slightly 
st. 

38.3 SANOSTONE. fine-grained, greenish gray 15GY 8/11, some 
orange and dark mineral grains. few siltstone fragments up to 1 
cm In size disseminated throughout end a few dark chert 

o Lost 135.0 to 138.8 ft. 

File: 95-08.log 

Date Drawn: 03/18/1987 
Page 5 of 6 
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MONITORING WELL COMPLETION LOG 95-08 - 
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....... ....... ....... ........ ....... ........ ;. . :: : :: ....... - 

Descr i p tli on  

4413 SANDSTONE, light gray INTI. flne-grained sandstone at 
14U to 144.5 it. with orange. yenow. and dark grains. some 
disseminated pyrite. and clay and chert fragments. 
medhnrgreined sandstone at 144.0 ft, saturated. 

Lost 144.5 to 147.9 it. 

147.8 SANDSTONE. flne- to medlum-grained. Ught gray (N7). 
noncaicareou. satoated. Conglomeratic with chert pebbles up 
to 2 an in dze. orange and gray pebbles, disseminated pyrlte. 
some flne-gralned. friable sandstone with chalky laaterial 
coating grains. A t  148.2 to 149.5 f t  b light gray IN7). 
flne-gralned sandstone with few fragments of orange, yellow. 
and dark minerals, saturated. frlable. Lost 148.5 to 149.8 ft. 
149.8 SANDSTONE. fine-grained. light gray (N7), few yellow. 
orange, and dark mineral g rab ,  few orange and gray chert 
fragments. some medium-grained sandstone. trace of soft, white 
kaollnitlc grains. few nodules of soft. green siltstone. saturated. 
friable. At 60.5 to 153.9 ft. very light gray (NE). very 
fine-gralned sandstone. saturated. with orange, yellow. and 
dark mineral grains, some disseminated pyrite grains, at 153.0 f t  
are few dark pebbles up to 1 cm In dze and smaller pyrite 
nodules. A t  153.8 to 155.0 ft. sandstone Is frlable. saturated, 
has white and chalky nodules and green, silty nodules up to I cm 
In size. pyrite nodules up to 1 mm in size. and few brown 
pebbles. 

Total depth at 155.0 ft. 

3e: 05-08.log 

late Drawn: 03/10/1007 
Page 6 of 6 

B-64 



MONITORING WELL COMPLDION LOG B92-OP 
Project: Honkelo MI Tahgs Site 
Location: Honticelo, Utah 
Site: 
ToldDepth IfU 115 
Auger Stem Size W 4.25 ID. X 7.625 OR 

Bbrdr Casing: 2.0 in Tihk SM 40 PVC 
Sueerr 2Bh TraoksM4OPVC 
SotSize: Q O l O i n  
End Cap: 20 m Trlok SCH 40 PVC 
Grout Envioplug 
Sealant: 1/4 in Enviroplug Pebets 
Sand Pack M: 120-40 S c a  Sand 
SandPackBL NA 

Downgradient, -0.75 rile east of l4Jlsite 

bELL INSTALLATION 

p 0 

I 

5-8 

e-I2 

6-8 

7-7 

5-8 

u-22 

10-11 

11-25 

15-50/5 

I ,  

5- , 

DfJlea 
10- 

30-2510 

15- 

EO - 
I 

I 

25- 

HorUlCoordMte (fU BW.9 
East Coordmale Ut): 21.4387 
Ground Revation ( f t  Hslt 6746J 
Heasu’hg Point &v. IftL 67486 
AugerHeadSte W 8.0 

INTERVAL IfU 
t2.46 to 8.65 
8.65 to lLl5 

u.15 to IIS 
25 to 1.15 

7J5 l o  85 
8s IO n5 

ragram 

, . . _  . .  . . I . .  . - .  . . -  . .  
. I  

Datebaed: W P  
&Hi Wod: HoOow-Stem Auger 
Saaphg Uelhod Split Barrel 3.0 in X 24 ‘n 
DevebpwntOate: NA 
WaterlLerel Ut. BGLk $5, 09/23/92 

BIT SIZES F i  
Not A p p t d e  

W A C E  WIK IfU 
4.0 in ProtktireSteel troa t277 to 223 
.. Cemenl Pad trm tQ4  to 2.5 

Description 
LoppedBy: RTraub 

. I . , . ,  ..., I 
I . . . . ,  

I , . . . .  
* . e . .  

, , , I . .  
. . . . e  

I , . , . .  

I . . . .  

#,I,*,*,*,( SILT. dightly sandy. darkiBrown (7.5YR 4/31. moist from 0.0 to 
e . 9 0.3 feet then graduany drier to 2.0 feet No pebbles. major 

-,-,.,a,*,. roots. 

;,-,~,*,~,-3.O Dry. caliche from 3.5 lo 4.0 feet h root holes and fractures. 
*,*,@,*,*,* 

strong reaction with Ha.  fua A t  4.0 feet. 251 romded 

/ 

ilty. Ibrown. with subrounded igneous 
I 

10.0 GRAVEL. sandy. igneous pebbles. saturated. only 0.5 foot 
sampled Before refusal. 
10.5 OAKOTA SANOSTONE. SAMISTONE. while to light gray. 
fragments on inner bit. very solid drilling. 

Total depth drilled was 11.5 feet. 

File: p0201.100 

Dale Drawn: 02/07/1004 
Page 1 of 11 



lkQONITORING WELL COMPLETION LOG P92-02 

20- 

~~~ 

Project: Honticeb HI Tailing Site 
L o c a t i i  Honticek, Utah 
Site: 
TotalDepth Iftt 20.25 
Auger Stem Size 8 3  4.25 ID X 7.625 W 

Blank Casing: 2.0 in Trbk SCH 40 PVC 
Saeea 2.0 iL Traok SCH 40 PVC 
sbtsize: 0.OOah 
End Cap: 20 in TriIok SCH 40 PVC 
Grout: Enriroplug 
Sealant: U4 in Enrkopbg Pellets 
Sand Pack (Ut 110-20 S c a  Sand 
SandPacklLt  NA 

Dovngradent -0.75 rile east of b!ilIsBrite 

MLL INSTALLATION 

North Cwdiite ( f t t  9563.8 
East Coordfflte 14fU: 27,43Lli 
Ground Elevation [ft. MSLk 6734.8 
Measuring Point Eler. (fa 6737.0 
Auger Head Size fr): 8.0 

INTERVAL IIU 
tZ2 to 17.4 
R.4 to a 9  

Date [)riled: 09/24/92 
DriKmg Hehod: Hoaow Stem Auger 
Samping Hethod: Sp6t Barrel 3.0 in X 24 in 
Development Date: 10120192 
MatehLerel lift BGLt 0.93, WW92 

BITSIZES T I  
Not AppliiaMe 

19.9 to 2025 
25 to 14.83 

14.83 to 6.9 Cement Pad from 4 . 4 2  to 2.5 
6.9 to 2025 

SURFACE CASING If U 
4.0 in Protective Steel from +255 to 2.45 

Commentr CHE-75 Diu fllg 

not 

w e e  

1 

Description 

0 Subrounded igneous pebbles t o  2 in.. 75% of pebbles are 

File: p9202.log 

Date Drawn: 02/07/1894 
Page 1 of 1 
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MONITORING WELL COMPLETION 'LOG 882-03 

Auger Stem Site fink 4.25 ID X 7.625 OD 
E L L  WSTALlATlON 

Blank Casing 2.0 in Trilok SCH 40 PVC 
Scrw 2.0m Trlok sM4OPVC 

End Cap: 20 bL Triok SCH 40 PVC 
Grout Enriopbg 
Sealant: V4 in Envkopbg Pellets 
Sand Pack (U): 020-40 Sca Sand 
SandPacklLk NA 

sktsi2e: aoloin 

Auger Head Site W. 

INTERVAL [fU 
t2.09 to 124 
10.4 to e3 

P.9 to 0.2s 
25 to 72 

82 to 114 
72 to a2 

leD Cancktim 

8.0 

DateOraed: 1(3/06/92 
Orling Hebod: Holbw-Stea Auger 
Sawing Method %St Barrel 3.0 in X 24 ir 
Oerebpaent Date: 10ll7192 
Water level Ift.6G~k 10.14, 10/17/92 

BIT SIZES W 
Not A p p i i i e  

SURFACE CASING [fU 
4.0 in 'Protective Steel han +2.46 to 254 
._ Cenent Pad hm +0.43 lo  25 

Description 
logged Bv- 10. Traub 

~ ~~ 

SAm. silty. dark brown I7.SYR 4/21. slightly moist moderate 
reaction to H a .  

-3.0 Minor calche on root holes and fractures. 

4.0 Increase in moisture content to 5.8 fee t  then soil becomes 
saturated. Less silt from 5.0 to 5.6 f e e t  very sandy. dark 
brown. 

6.0 SAND, dayey. dark grayish brown (IOYR 4/21. ION to medium 
* plasticity. 

6.7 SANO. silty, very f i i  grained. slightly clayey in 0.1 foot 
intervals. saturated. soft. no caliche. no reaction to Ha. 
-9.0 0.2 foot of gravel. subrounded to subangular. igneous 
pebbles. very silty. dark brown at 8.0 feet then dark grayish 

. brown, silty sand as above. saturated. 3X igneoua pebbles to 
w4 in. 

' 10.0 SAND, silty. clayey, very d q k  grayishlbrown IIOYR 4/11, 

f i e -  grained sand. saturated. s o f t  low l o  medium plasticity. 

12.0 LOWER DAKOTA SANDSTONE. SANOSTONE. dark greenish 
gray l5GY 4/11, fragments of sandstone in sampler. Very solid. 
very hard drillng. 

Total depth drilled was 13.4 feet. 

I 

File: p8203.lop 

Oate  Oraun: 02/04/1884 
Page 1 of 1 



MONITORING WELL COMPLETION LOG '892-04 

Proiect: lionticeb MU Ta-s Site NotthCoordinate (It): Q6ff.3 Date Dilled: 0/06/92 
location: lionticella, Utah East Coordiite (fU: 25.380.5 [kiaing Wethod Hoao~-St~ AUp8 
site: Ground Elevation (11. m): a u . 6  
TotdDepth (IL): 23.0 Heaswing Point Oev. (It): 6815.9 Oeveiopment Date: Io/K1/92 
Auger Stem Size 14iq.k 4.25 ID X 7.625 00 Auger Head Size (ink 8.0 

~wngatj ient, -0.33 mite east of msite Sawkng Method: Spit Barrel 3.0 ih X 24 in 

Nater Level (It. BGL): 2I.T. 10/06/92 

' E L L  INSTALLATION 
Bank Casing: 2.0 h Trilok SM 40 PVC 
screen: 2.0 it. Trilok SM 40 PVC 
SbtSize: aO20br 
~ n d  cap: 2.0 in Traok SCH 40 PYC 
Grout: Enrkoplug 
Sealant: V 4  h Envkopbg PeQets 
Sand Pack (U): 120-40 Siiica Sand 
Sand Pack (L): 110-20 Sika Sand 

INTERVAL (IU 
t2.3 to 19.8 
19.8 to 2231 

BIT SIZES [id 
Not AppliCaMe 

2231 to 2263 
2 5  to 162 4.0 in ProtectireSteel from t2.65 to 235 
162 to I733 .. Cewnt Pad frm t0.35 to 2 5  
17.33 to 17.83 
17.83 to  23.0 

SURFACE CASING (IU 

Commentr CE-75 Rat f!ig 

I I' 

Description 

1 fissures. gypsum crystals to I / Z  in. on fractured surfaces. No 
HCL reaction. 

Total depth drilled was 23.0 f e e t  

File: pQ204.10~ 

Dale Draun:  02/07/1904 
Page 1 of 1 
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MONITORING WELL COMPLETION LOG P92-05 

0 

5: 2 2  
a 

Project: Honticeb #I Tam Site 
Location: HonticeDo, Utah 
Site: 
TotdDepth lftl 725 
Auger Stem Sire Gh): 4.25 ID. I 7.625 OA 

8hnkCasinp: 2 D h  TrhkSOi40PVC 
Screen: ZObL TraokSCH40PVC 
slot%e: (Loloin 
~ n d  cap: 

Oovnpradent, -0.33 ade east of #Usit& 

WELL INSTALLATION 

20 i~ Traok SCH 40 PVC 

Description 
Logged By: 0. Trallb 

NathCoadhrate Ut): 1011244 
East Coordhate Ut): ZS,382.00 
bound Elevation (fl. H Q  6787.0 
Measurirg Point Uev.  (Itk 6789.4 
AugerHeadSite link 8.0 

. lNTERVAL IfU 
*24 to 4.4 
4.4 to 6.94 

. . . . . .  
. . . a .  

I O , , ,  

* . , * .  
* , , . I .  *,. . .  ....* ,,.*,. 

. . . . a  
. . I . * #  ...*. ..,.. 
, * I , * ,  
I . . . .  ... I ,  

. * I . . *  

I,~,I,I,I,~ 
,.,.,.,.,., 
* I , . . .  . . . . . 

I . . 
I . I , I 

* * I * , ,  . . . . . . , . . , . 
-__- - - - -  _ _  - -- .---- 

DateOriaed: 09/30/92 
DrBg &th& Hdbr-Stem Auger 
Samp6np &tho& spit Barrel, 30 in X 24 m 
DerebpmentDate: NA 
Water Led U t  BGlt 525, IO/b/92 

SILT. strong brown (7.5YR 5/81. dry stiff, no caliche. no 
reaction to Ha.  Small sandstone cobble at 0.2 f o o t  

pebbles to 3 h 
+.O SILT. dark brown (7.SYR 5/41. moist. Tim. scattered igneous 

,4.0 OnIy 0.5 foot of sample recovered. cobble Pbooed sampler. 
Fractured Igneoua pebbles to 3 in. Some claystone. dark gray. 

6.0 DAKOTA SANDSTONE. CLAYSTONE/SILTSTONE. dark Oray 

in end of sampler. 

to 6.7 leet. then color changer to dark brown I IOYR 4/31. minor 
H a  reactlon on fracture fainga. oypsurn crystals in cavities. 
Total depth drlled waa 7.25 feet  Lithology and blow count, 
from 0.0-4.0 feet from shallow hole (abandoned) bat l o  west. 

-- 

I 

, 
I 

BITSIZES t i  
Not Actpkable 

SURFACECASING IfU 
Grout Cement a0 to 283 4, in Protective Steel from t2.71 to 229 
Seabnt: 1/4 in Envropbg Pellets 283 to 4.0 Cemnt Pad from +a4 to 283 
Sand Pack (Ut 120-40 Slica Sand 4.0 l o  725 
SandPackILk NA 

24-20 

6-12 

r -5 

10-0 

4-5 

25-30 

7-14 

6.94 to 725 

File: p8205. lo~ 

Date Drawn: 02/Q7/IQ94 
Page 1 of 1 



MONITORING #ELL COMPLETION LOG P92-06 

File: pB206.log 

D a t e  Drawn: 02/04/1984 

Oatebned: 101U192 

Sawkg HeW Sofit Barrel 3.0 in X 24 m 

Proiect: Honticeb I Tai6ng.s Site NorthCwdiMte (ftk 93313 
l o c a t i i  Honticeb, Utah East Coordinate (11): 25,3805 OlEq Method: Hdku-Stem Auger 
Site: Ground Elevation (ft Hsl): 6772.2 
TotalOeDth Iftk 14.5 Heaving Point Oer. (fa 6774.7 OedoDnent Date: IOIuJ192 

Downgrade114 4.33 d e  east of Kbite. 

I 

' Page 1 of 1 

Auger Stem Sire iud 4.25 ID X 7.625 00 

Blank Casing: 2.0 in Trhk SCH 40 PVC 
Sueen: 2.0 in. Tflok SCH 40 PVC 
SbtSite: 0.020in 
End Cap: 20 in Trild; SCH 40 PVC 
Grout Envboplug 
Sealant: 114 in EnviDphq PePetr 
sand Pack IUk 510-20 s a  sand 
SandPacklLk NA 

WEU WSTAUATION 

I 

3-3 

3-3 

0-1 

!-I 

0-1 

1-2 

1 

1 

5- 
l 

Push 

Push 

1-1 

25-15 
10- 

21-30 

so1 5" 

a-IS 

33-LS 

II 
IS- 

20- 

25-' 

Auger Head size W 

INTERVAL IfU 

k7 l o  142 
+25 to n7 

14.2 to 14.5 
2.5 to 8.9 
8.9 to IM 
10.0 to 145 

I------- 

- 

Water Level U t  BGlk 4.85, IO1111192 

BITSIZES w 
Not Appticable 

SWAMCASING [fU 
4.0 in RotectiveSteel from +2.9 Lo 21 

- CemerdPad fram Nor8 to 25 

Description 

S A W .  silty. clayey. dark Brown (7.5 YR 4/21. fine grained. 
moist, very bw pbstidty. f#m. 

-NOT€: This hayfield was irrigated for several days Before 
Irutalbtion of well. 

k a t v a t s a  a t  3.2 fee t  
4.0 SAND, silty. slightly clayey. very fine-grained sand. 

-8.0 Same as above with several scattered igneous and 
sandstone pebbles. subrounded to subanprlar. 15 in. from 7.8 
l o  8.0 feet  

8.1 GRAVEL. sandy. dark brown l7.5 YR 4/41, igneous and 
sandstone pebbles to 3.0 In.. sclbroundcd to subangular. 60% 
pebbles. 30% sand. fine-to coarse-grained sand. saturated. 

42.0 GRAVEL. sandy. dark brown, saturated. 

14.0 OAKOTA SANDSTOM. CLAYSTOM. dark ofay 17.5YR 5/01 
(variegated light and dark gray). firm. moist. very minor reaction 

with HCL. 

Total depth OrDied was 14.5 feet 

E 7 0  



MONITORING WELL COMPLETION LOG 

Flle: P0207.lOQ 

Oale Drawn: 02/04/1884 1 

' 

~P92-07 

Page 1 of I 

Projxt: Cbnticek Kiil Tam Site NarthCoordnate [ f t k  rO.6l6.8 Datebile& #/05/92 
Location: Honticeb. Utah East Coordnate UU 24.6545 D r J i  Hethod: Holbw-Stem Auger 
site: Downgadienf -0.25 rde east of Mibite Ground Elevation H9k 6817-0 Sapplrq Hethmt sp6l Barrel 3.0 in X 24 m 
TotdDepth Ut): 1166 Mearv'np Point Der. [fU Ml7.g DedopaentOate: NA 
Auger Sten Size link 4.25 10 X 7.625 00 Auger Had Sire m. 

WELL MTAlLATlON INTERVAl [fU 
8brd1 Caw 2.0in Tribk s M 4 O P V C  a 9 1  to 10.8 
screen: 2.0 in Triloc s w 4 0  PVC 10.8 to D.S 
sktsize: 0.0nin 
EM cap: 
Grout: Enrirophg 2 5  to 9.7 

Sand Pack [Uk 120-40 Silica Sand m.7 to U.66 

20 in Traoc SCH 40 PVC U.35 to U.66 

Sealant: U4 in Enfroplug Pellets 9.7 to m.7 

SandPackUt NA 

a0 Hater Level Ut.BGLt DRY, x1/05/92 

BIT SIZES T i  
Not Applicable 

SURFACECASING ut) 
4.0 in ProtectiveSteel from +v2 to 3.78 
.. Cement Pad from N.28 to 2.5 

Description 
.ogged By: '0. Traub 

SAM)/SILT. brom (7.5YR 5/11 to l.8 feet. then color change to 
rtrong brown (7.5YR 4/81. fme-grainrd rand. Qy. rtrong 

, y c t i o n  to HO.. 
0 Approximately 5X caliche on frscturer and root holer. very 

strong reaction to Ha. 

4.4 GRAVEL. sandy. dry. fractured lgneour pebbles to 3 in. end 
light gray sandstone fragments. Dry randy gravel to 5.25 feet, 
mostly large fractured cobb le r  Sample refusal a t  5.25 feet I, .O GRAVEL, silty. randy. fight brown, dry. igneous (rubangular1 
end sandatone (rounded to rubrwndeal pebblea. 
b.0 GRAVEL. randy. rJty. dry. rounded ianeous pebbles to 2 in. 

10.0 No sample. very hard drilSng from 10.0 to 113 feet. then 
drmiig became earier. 

12.4 DAKOTA SANDSTONE. CLAYSTONE black, very stiff. moist. 

Total'depth drilled was 13.86 feet. 

B-7 1 



MONITORING WELL COMPLETION LOG P92-09 
Propct: Honticek Hi61 TaiTngs Site Nub CWdmte  (ftk Q924.5 
Location: Honticella, Utah East C w d m t e  tfU: 23,69t6 

Site: 6835.3 
TotalDepth (ftk 15.9 Measpring Point Ekv. (ftk 68362 
Auger Stea 5ze link 425 ID X 7.625 00 

Dcmgrabent in hayfield just east of HJbiteBd Elevation (11. 

Auger Head Size a 8.0 

WELL INSTALLATION 
Blank Casing: 2.0 in. Trilok SCH 40 PVC 
Sueerr 2.0 in. Trlok SCH 40 PVC 
SIOtshe: aolDin 
End Cap: 2.0 in TriIok SCH 40 PVC 
Grout: Enviioplug 
Sealant: W4 in Enviiopbg Pellets 
Sand Pack (Ul: 120-40 Sllia Sand 
Sand Pack (Lk 110-20 Sika Sand 

INTERVAL (fU 
N.91 to 126 
P.6 to 5.l 

Date baled: 10165192 
Bipq Hethod: HolbrStem Auger 
Sawlvlp Hethod SpSt Barrel, 3.0 in X 24 m 
OevekpmentOate: NA 
Water Level1 Ut. EGG Dry. 10/05/92 

BlTSlZES Qnl 
Not Applicable 

#.I to 15.33 
15 to 0.4 
8.4 to 9.75 Cewnt Pad from to23 to L5 
9.75 to y1.75 

y1.75 to 6.9 

SURFACE CASING (ft) 
4.0 in Protective Steel fron tL23 to 3.77' 

C m t r  CHE-75aiilRig 

'dl Conoktii 
iagfam 

ID e scrip t i  o n 

1 . 1 . 1 .  . 
r .*..*..3.!1., .I . I . ,  SILTY SANO/SANOY SILT, clayey. brown (10YR 4/4). dry. soft. 

GRAVEL, sandy, silty. light brown, well graded to 3 in.. 

GRAVEL, very sandy, silty. light brown, well sorted gravel to 
In, rounded to subangular. dry. 
Igneous '(diorite) and whitellight gray sandstone pebbles 

brounded to subangular. igneous pebble% 

File: p9209.10g 

D a t e  Drawn: 0 2 / 0 4 / 1 9 8 4  
Page 1 of 1 
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MONITORING WELL COMPLETION LOG 31NE93-205 

Project: Manticello Mill Taitingt 
location: Manticella, Utah 
Site: NE of H;disite 

Site North CaorduMte (ftk P299.5 l k t e  Date& w i m / z  and 11/20-22/93 
East Coordinate (fU: 24616 Draihg Methad: A i  and Mud RotarylCore 
Ground Elevation 111. HsIk 6938.4 Sappfino Method: Cuttings/HO Core 

Total Depth (ft.1: 2410 Measuring Paint Elev. IfLk 6940.6 Development Date: Iv30 - U1W93 
Auger StemSize Gnk NA Auger Head Size Gn.k NA Water Level 111. BGLk 175, 1W22193 

BbnkCasing: 4in. SCH80PVC -2.4 to 206.62 17 V2 h Rotary from 0.0 to 47.5 
Screen: 4in. SCHBOPVC 206.62 to 236.62 12 W4 in Rotary h a  47.5 to l98.0 
slot Size: 0.01010.020 in. 7 118 h Rotary from 198.0 to 2410 
End cap: 4 in SCH a0 PVC 236.62 la 239.45 SURFACE CASING IftJ 
Grout IEnvuopbg 3.0 to 197.6 I3 518 in Steel from 0.0 to 46.0 
Sealant: 1/4 in Bentonite Pellets a 518 in Steel frm LO to 196.0 

E L L  INSTALLATION INTERVAL lft.) BIT SIZES fin.) 

197.6 to 2015 
Sand Pack (U): #20/40 
Sand Pack ILk #IO120 

Id1 CMpletii 

2015 to 202.0 
202.0 to 239.45 Coawentr See well screen note on bst page of description 

Description 

: --- Lithologic log for the first 40.0 f t  was taken from a 

.O SANDY GRAVEL, GM. moist to wet. light yellowish brown 
IOYR 6/4). some highly weathered diorite pebbles and some 

silty clay, grayish brown UOYR 5/21. 

0.0 SANDY GRAVEL and cobbles. GH. IiQht yellowish Brown 

5.0 SILT. sandy. SH. drilling speed increases startmg about 
5 0 11 in what likely is silty Sand. light yellowlsh brown 12.5Y 

. I , . . . .  
* . , I , .  

I . , . . , ,  . . . . . .  
I t , . , , .  

0 I I . I .  
I O . 0 .  

. I . , , ,  
. . I . . . .  
. I . , , .  .... I . .  
* I . , , ,  

. I , , , , .  
* . I , * .  . . . .  I . ,  
. I * . . .  

I I 

1 File: 03-205.LOG I 
Page 1 of 9 I Dale Drawn: 03/10/1994 
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MONITORING WELL COMPLETION LOG 31NE93-205 

re'numerous. wet. light yellowish brown. 

0.0 SILTY SANO; SM. light yellow brown. pebbles and cobbles 

I C  - 
l r - - _ -  __- - .  ---- 
- -  14- 4 

38.0 HANCOS SHALE. competent bedrock. 

File: 93-205.LOG ' 
Date Drawn: 03/10/1994 I 

Page 2 of 9 
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MONITORING WELL COMPLETION LOG 31NE93-205 

File: 83-205.LOG 

Date Drawn: 03/10/1994 
Pagle 3 of 9 

Description 

I I 

medium gray INS) to medium aark gray IN4). 
dry. trace of pyrite. 

3.8 to  54.0 Vertical fracture, no infill. 

6.8 to 57.1: Vertical fracture. 
~ F ! 3 ~ 7 . 3  to 58.0: Vertical fracture. no intilt. 

---- 

2.0 to 63.7: Core wet. becomes dry with E::l-L 
1 -=---- 3.3 t o  63.5: Some fractures. no infill. 

to 78.0: Trace of  fossils. 

E F f 7 8 . 2  ---- to  78.5: 30 degree fracture, no infill. 

---- --_- 

depth. 

E75 



MONITORING HELL COMPLETION LOG 31NE93-205 

File: 83-205.LOG 

Date Drawn: 03/10/1094 

Description 

I Page 4 of 9 

E~=z-u.~ to 82.2: Vertical fracture. no infill. 

3.2 CLAYSTONE, medium dark gray (N4). moist. grades into 

gray W8l. high plasticity. very moist. 
clay 183.7 to 84.2 11). light gray (N7) l o  medium light 

os1 core 84.2 to 87.0 11. 

7.0 SHALE, medium dark gray (N5). 1 3  
_ _ _ _  0.0 to 00.6: Vertical fracture. no infill. 

0.6 to 00.8: Very broken up. 
ost core 90.8 to 91.3 ft. 

---_ 
_ _ _ _  

7.4 CLAYSTONE. gradational contact. dark gray (N3). very 
slightly moist, calcareous. Verttcal fracture a t  97.4-97.6 11. 

1.4 Grades into bentonitic claystone. very llght gray (NE) to 
dium light gray [NW. moist, noncalcareous 

2.55 SHALE, medm dark gray (N4). calccreous. 

, . .  . .  , .  107.1 DAKOTA SANDSTONE, fine to medium grained. medium light 
gray (NB).poorly sorted. Calcareous. dry. oyster fossils. some 

. . .  , . .  
i :;.. . , ,. ., 
~ ,'::,'.'::,';.:I bioturbation. 

. . .  .: 
1 ;:,:;.,:;' 
i '... . :::., 
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MONITORING WELL COMPLETION LOG 31NE93-205 

m 

I 

File: 93-205.LOG 

Date Drawn: 03/10/1994 
Page 5 of  9 

E7 7  

. . . . . . .  

23.2 CLAYSTONE. gradational contact, dark gray (N3). trace 
of carbonaceous material. 

-- 
24.8 SANDSTONE, gradational contact, very fine grained. 

very slightly calcareous. 
ost core 125.15 to 125.5 11. 

. . .  . .  .:. . 

27.5 Grades Into CLAYSTONE. dark Qray (N3). 

30.0 SANDSTONE, fine grained. medium light gray (MI. well 

30.19 Grades into CLAYSTONE. dark gray lN3). 
-- 
-- 
-- - -I 

33.2 COAL, some pyrite, from 133.2 to 134.6 11. is a vertical 
fracture. 
34.3 Grades into SILTSTONE, dark gray (N3) to grayish black 
(N2). abundant carbonaceous material. trace of pyrite. 

38.3 SILTSTONEICLAYSTONE. light Dray (N7). noncalcareous. 



MONITORING WBhL COMPLETION LOG 31NE93-205 

D,e scr ip t ion 

140.3 Grades Into SANDSTONE. fme graineQ Eght flray (N7). - 
- - - - ,  _ - _ -  - - - -- 440.5 SILTSTONE, Brownish Black (5YR 2/11. abundant 
. - -- 11 carbonaceous material. 
_---  ---- - ---  _ - - - -  ---- - - - - -  ---- 

42.8 COAL, tractued. some pyrite. moist. 
4335 SILTSTONE. medium gray (N5). to  medium light gray (MI, 
trace of pyrite. 

_ - - - -  ___- - - - - - --_- ___-_ - __- ___-_ ---- _ _ _ - -  ---- _ - - _  - - _ -  _ - _ - -  ---- - - - - -  ---- _ - - _  - ---  
... . . .  147.0 Grades into SANOSTONE. light gray (N7). well cemented. 

148.0 Grades into CLAYSTONE. medium dark gray (N4). 
. . . : ,' : :; 
:: .: . . . . . . . . 
-- - - .  -- - - .  -- - - .  -- - - .  -- - - .  -- 

I - - .  -- , - - .  - - - 6 4 . 3  Some sand. fine grained. 
-454.8 Color becomes grayish black (N2) to brownish black I5YR 

- - , I  2/11. increase In carbonaceous material. some coal, trace of 
- - pyrite. 

-- -457.0 45 degree fracture. slickensides. 

- - .  -- 
- - . I  

- - .  -- - - .  
458.8 Grades into SILTSTONE. medium flray INS) t o  medium dark 
gray (N4). very sljghtly moist. trace of pyrite. 

-- - 
- - - -- _ - - - -  

62.0 Grades Into SANOSTONE. very iiaht gray IN81 to bght 
Oray (N7). interbeaded siltstone layers. some very thm layers 

noncaicareous. dry. trace of pyrite (up to 114 in.). 

- -  
- I  
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MONITORING WELL COMPLETION LOG 31NE93-205 

l 
Oescrip tion 

ILTSTONE/COAL layer. 170.0 to 172.0 f t .  grayish black IN21. 

7L7 45 degree fracture. sUckenJdes. 

80.9 SANOSTOM. medium gray INS) to very Sght gray (NE). 
grains. poorly sorted. well 
material. biotwbated. some - . .- . . . . .  

' .-, ' . .  . . .  - . .- . _  . .  . . .  . .  . . .-,. . .  - . -  . .  . . .  
. '-.; 
- . -  ' . .  . . .  . . .  -. , - , .- . .  . .  . 
. .  '.-. . ' . .  - -- - 

'- ' 

4 8 4 . 0  SANDSTONE. silty. very fine grained. Color becomes light 
gray IN71 to white IN9). wen cemented. noncalcareous. dry. 
traces of carbonaceous material. outside o f  core is 
f riablelsilty. 

7 8 8 . 2  Grades into CLAYSTONEISILTSTOM. Brownish Black ISYR 
I 2/11. 45 degree fracture, slickensides at 188.2 t o  188.4 f t  
b 8 9 . l  Grades into SANOSTONE. light gray INn. fine to medium 

grained. subrounded grains. DOOIly sorted. well cemented, some 
carbonaceous material. Grades into SILTSTONE. very light gray 
IN81 at 180.4 11. 

490.8 SANDSTONE. fine to medium grained. very light gray IN81 
to grayish black IN21. abundant carbonaceous material, trace 
of coal. poorly sorted. fractured. 
491.3 CONGLOMERATE. medium light gray IN61 to pale yellowish 
brown IlOYR 6/21. medium grained matrix. suBrowded grains. 
30-POX gray chert pebbles. size to  112 in. trace of green 
mudstone clasts. 
(92.5 SANDSTONE. Color becomes grayoh brown 15YR 3/21. 
very broken UD. trace o f  Carbonaceous material. moist. 

1 
193.4 BURRO CANYON FORMATION SANDSTONE. fine grained. 
very light gray IN8). well cemented. 
i04.0 SANDSTONE, medium grained. Dale yellowish Brown I IOYR 
6/2). subrounded grains. moderately cemented. poorly sorted. 
grains friable on outside of core. trace of chert and other mafic 
minerals. noncalcareous. 

File: 83-205.LOG 

Date Drawn: 03/10/1984 
Page 7 of 9 
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Page 8 of 9 
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MONITORING WELL COMPLETION LOG 31NE93-205 

200.0 SANDSTONE, rounded. frosted grabs. fine grained. I-2X 
red/black chert grains at  204-205 11. Noncalcareous. Largest 
piece is about 5 in. long. horizontal fracturing every 3-4 in.. 
medlum light gray IN51. wet. Grain size decreases at 205 ft.. 
some graylgreen silt blebs up to 314 in. at 204.5 ft. 

Description 

....... . . . . .  

. . . . . . .  .:,.:.~::.{ . . . . .  
05.0 SANDSTONE. fine grained. rounded, wen sorted. medium 

(N51. less than tX very fhe pyrite throughout. Very 
at 208.4-209.0 11. fracturing at 205.7. 205.5. and . ,. . : ....... 207.7 ft. Wore massive than from 200-205 ft. Color has more 

green Clt below 204.15 11. .......... . .  ...... :!.{{!.{;:/ ....... 
....... . . . .  ::: :. . . . . . . .  . . . . . . .  . . . .  

10.0 SANOSTONE. fine to very fhe grained. rounded. well 
sorted. light gray to medium light gray (N7-NBI, wet. (Hole was 
open for 3 hours). Less than IX pyrite and black siltstone 

. . . . . . .  . . . . . . .  

:'. .' : . .'. 

grains throughout. Several pyrite and siltstone pebbles to  1/4 . . . . .  ............... in. Very fractured from 211.5-213.0 f t  and 214.3-214.7 ft.. I5 ........ 
.......... 

degree fracture at 213.3 11.. other fractures are horizontal. . . . . . . .  . . .  .: . . . . . . . . .  
. , .  .: 
. . . . . . .  . . . .  . . .  . . . . . . .  .......... 

. . . . . . .  . . . . . . .  . . . .  . . .  .: . .  . . . . . . .  . . . . . . . .  . . .  . . .  . . . . . .  

. . . . . . .  . . . . . . .  . . . .  .;.;..;..::1 . .  

. . . . .  . . . .  . . . . . .  . . . . . . .  . . . . . . .  . . . .  . . .  

. . . . . . .  clay/claystone In conglomerate to 3/4 in. 

. . . . . . .  

. . . . . . .  

25.0 SANDSTONE. light gray, fine grained. founded quartz. 

.: . _ .  
. . . . . . .  . . . . . . .  . . . .  . .  .:;::;;..:; 
. . . . . . .  . . .  . . . .  . . . . . .  
. . , .  . . . . . . . .  . . . .  . . .  

I File: 93-205.LOG I 
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MONITORING WELL COMPLETION LOG 31NE93-205 

m 

I 

0 e s cr ip t'i on 

ored, to 235 11.. then reamed with 7 7/8 in bit to 241 11. 

eil was instaled with one 10 ft 0.010 slot well screen from 228 t+ to 236 11. and two H3 ft. 0.020 slot weU screens from 208 to 
226 ft. 

I Total depth at 241.0 11. 

File: 03-205.LOG 

Oate Orawn: 03110/1094 
Page 9 of  9 
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MONITORING WELL COMPLETION LOG 31SW93-200-1 

Project: Honticeb Kip Tailings Site 
Locatiin: Hanticella, Utah 
Stte: HiUsite 
Total Depth Ut.): 170.0 
Auger Stem Size (in.): NA 

Blankcasing: 4m. SCH80PVC 
Screen: 4 i n  SCHBOPVC 
Slot Size: 0.020 m 
End Cap: 
Grout: Enrboplug 
Sealant: 114 in Bentonite Penets 

WELL INSTALLATION 

4 in SCH 80 PVC 

~ 

North Coardinate (fLk 1021.91 Date maled: 917-23193 
East Coardiite (fU: 20865.32 DriUhg Hethod: Air Rotary / Core 
bound Elevation (11. MSL): 6895.70 Saap6ng Method: Cuttings / Ho core 
Measuring Point k v .  (ft): 6898.29 Development Date: 10127-30193 
Auger Head Size (ink NA Water Level Ut. BGL): 114.4. 9/25/93 

INTERVAL IfU BIT SIZES (id 
-2.59 to 157.15 
157.15 to 167.6 

167.15 to 170.0 
3.0 to 150.5 
150.5 to 153.5 

17V2 in. Rotary from 0 to 19.0 
P V4 in. Rotary from 19.0 to 130.0 
I718 in Rotary from 130.0 to 170.0 

W A C €  CASING ( I t )  
U5/8 in. V2in.Steel from 0 to 19.0 
8 518 in Steel from 0 to 130.0 

Sand Pack (U): 120140 
Sand Pack (I): 110120 - 
; -  

:E 

- 

5 

IO 

15 

20 

153.5 to 155.0 
155.0 to 170.0 Comments We0 installed 9/24/93. quick recovery. 

211 Comktlcn 

c Description 
I 

.O Same as above. with gravel and cobbles. difficult drilling. 

16.0 HANCOS SHALE. dark gray, hard, dry. competent 

9.0 SHALE. dark gray, occasional shell fragments. dry. 

--- 
I 
I 

File: 93-200-1.109 

Date Drawn: 03/14/1994 
Page 1 of 6 
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MONITORING WELL COMPLETION LOG 31SWQ3-200-1 

i 
I 
I . 5 ',( . 

' . 5 ; . : . 5  
, . . 7 
5. . .  ' .  '. (:: 

Des c r ip ti on 

34.0 DAKOTA SWOSTONE. dirty with silt anC csrbonaceous 
material. mottled dark and tight gray, few foss:l fragments. moist, 
fracture spacing is 2-3 in, bioturbated. 

7.0 SHALE. same as above. 

9.0 SHALE. moderately fractured. Very light gray from 28.9 to 
29.0 11.. feels Bke talc (bentonite). 

Fz-z\ 
ost core, 32.5 to 34.0 11. 

ost core, 39.0 to  40.5 f t  
p::! 
. .  ,. . . 
. '  :T'..' 

40.5 SANOSTONE. same as above. unfractufod. with single wet 
fracture at 40.8 It. 

STONE. same as above, untractured. occasional fossil 

. .  . , . . . . . 
' '-, ' ,  . . .  . , ' d o o r  recovery 48.5 to 49:2 ft.. sandy siltstone. gray. very 

9.2 SANOSTONE. silty..gray. fine to medium Cfained. with black . .  . '. :.' '. .., - . .  - sandstone. 
silt/ carbonaceous laminae. Grades downwcrd to fine grained . .-,. . 

File: 03-200- 1 . 1 0 ~  

Date Drawn: 03/14/1894 
, Page 2 of  6 
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MONITORING WELL COMPLETION LOG 31SW93-200-1 

I 

I 

Description 

e t  downward to a 

alum grained. wi th  

ost core. 54.0 - 57.8 11. 

.8 WOSTOM. carbonaceous. very fractured From 58.4 to  

.e 11.. carbonaceous. with coal stringers. 
9.0 SANOSTONE. silty. with abundant CarbOfuZed fragments. 
rades downward to sandy satstone. 
9.5 SILTSTONE. sandy. dark gray. 
0.3 SILTSTONE. carbonaceous. dark graylblack. with frequent 

~ 

fine sand laminae. 
1.5 COAL. silty, low grade. with pyrite nodules. 
2.7 SILTSTONE. carbonaceous. 

File: 93-200-1.10~ 

Date Drawn: 03/14/1994 
Page 3 of  6 

h o s t  core, 83 0 to 63.5 11. 

- - - - 3.5 Same as above. ”: - . laminae, 5.0 SANDSTONE. unfractured. silty. dry gray. frequent black CarbOMCeOUS 

- -  - 
- - 8.0 SILTSTONE, dark gray, very fractured. dry. poor 
- - - - recovery. Carbonaceous mudstone from 63 6 to 71.4 ft. 

- _- - - _ - - _  _ _ - -  __ - __ 

1.4 COAL. silty. trace o f  sand. dry. pyritized zones. 

2.5 SILTSTONE. dry. gray to medium dark gray, very fractured. 
poor recovery. 

8.8 SANDSTONE. saty. dry. 
9.2 SILTSTONE. dry fractured. poor recovery. 

B-85 
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MONITORING WELL COMPLETION LOG 31SW93-200-1 
Wen conpletii 

Description 

p-q 
ost core, 88.0 to 89.0 11. 

.O SANOSTONE. ulty. fine to medium grained. with black 
rbonaceous laminae, 'pyrite nodules, dry. 
.6 SILTSTONE. sandy, dry. 2 to  3 in. fractur,e spacing. 

4.6 SANDSTONE. silty. gray. with black carbonaceous 'material. 
5.0 SILTSTONE, sandy, with fine carbonaceous material. 
5.7 SANDSTONE. silty. fine to medium grained. with black 
arbonaceous laminae, unftactured. hard. dry. pyrite nodules. 
ell cemented. 
7.5 SILTSTONE. light gray, some carbonized fragments, grades 
ownward to very fine grained, sandstone. 
8.0' SANDSTONE. silty, very fine grained. some carbonized 

t fragments, dry. ~ r a d e s  to a grey siltstonelmudstone. 
ry. hard. trace of carbonaceous material, 
from 100.0 to IQO.8 11. 

. f i e  grained. well cemenled. lipht gray. with 
naceous laminae from 102 to 103 11.. wavy 

4 Interbedded sandstone and 'mudstone. dry. 

5 MUDSTONE. medium dark gray. 
8 COAL. silty. pyrite nodules. dry. 

File: 93-200-1.10~ 
Page 4 o f  6 , Dale Drawn: 03/14/1894 
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MONITORING WELL COMPLETION LOG 31SW93-200-1 

File: 93 - 2 00 - 1.10 g 

Date Drawn: 03/14/1994 

Description 

Page 5 of  6 

SILTSTONEISANDSTONE. very fine grained. gray. some 
e and carbonized plant debris. hard. wet 

edded. 1 to  2 in. fracture spacing. 

arbonized plant fragments. light gray. few carbonaceous 

STONE, medium grained. abundant carbonired plant 

STONE, dirty. medium to coarse grained. wi th  graded 
sets. some carbonaceous stringers and laminae. 

yrite cement at 118.0 It. Decomposed sandstone from 118.2 to 
118.3 It.. and 118.6 to 118.8 It.. saturated. some light green clay 
ragments. Some (he gravel from 119.8 to 120.0 It. 

ONE, fine to  medium grained. gray. graded cross 
in. thick. sloped bedding planes. wet. 

overlyinc interval. trace carbonaceous material. 

. (not hard enough to be chert). 
3 SANOSTONE. dirty. fine grained, some chert fragments and 
bonized material, very fine sized gravel. 

rained. friable. light graylgreen. some dark chert fragments. 
ght green clayey zones and pore fill. Sand grains are we0 

ted and well rounded quartz. Chert fragments are 
angular. very fine gravel size, Scoured contact at 124.5 It. 
no carbonized material is below. 

STONE clean, quartzose. light gray. well sorted. well 
ahed. friable. bet. Abundant dark gray 
oarse to very coarse sand size. Interval Is 
te at 127.2 It.. light green clay pore fill. From 
ame as above with increased dark tine gravel 

/HUOSTONE. light green. trace of fine gravel. 

30.0 SANOSTONE. fine grained. friable. moist, greenish gray (5 
6/11, slightly calcareous from 130 to 131 11. Grades downward 

very fine grained sanditone. noncalcareous at 134.0 ft. 



j 
0 m 

File: 93-200-l.log 

Date  Drawn: 03/14/1994 
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Page 6 of 6 

MONITORING WELL COMPLETION LOG 31SWO3-200-1 
Wefl Conpktm 

oiagram 

Oescrip t ion 

-140.0 SANDSTONE. friable. f i e  grained, varies in color from light 
olive gray (5Y 6/11 to qeenlsh gray (SGY 6/11. slightly moist. 
scattered dark chert pebbles at 143.0 ft. Becomes siltstone, 
dry. greenish gray (56 6/11, from 143.2 to 145.0 11. 

-Lost core. 145.0 to 150.0 ft. 

i50.0 SILTSTONE. to very fine grained sandstone, greenish 
gray I5GY 6/11. noncalcareous. lost core from 150.5 to 151.0 11. 
At 151.0 ft.. is very fine grained sandstone, fight greenish gray 
l5GY 6/11. with scattered greenish gray l5GY 6/11. siltstone 

noncalcareous. From 153.0 to 153.5 ft.. pyrite occurs along 
irregular fractures. 

-153.5 SANDSTONE, fine grained, greenish gray (5GY 6/11. 
slightly moist. 



MONITORING HELL COMPLETION LOG 31SW93-200-2 

' 

Project: Monticeb fill Tailings Site 
Location: Honticeb, Utah 
Site: Hillsite 
Total Depth (ftl: 122.0 
Auger Stem Size Gnl: NA 

ElankCasing: 4h. SCH8OPVC 
Screen: 4 b  SCH8OPVC 
slot Size: 0.020 in. 
End Cap: 
Grout: Enrbophrg 
Seabnt: f/4 in Bentonite Pellets 

HELL INSTALLATION 

4 in. SCH 80 PVC 

I File: 93-200-2.LOG 
IPage 1 of 5 

Date Drawn: 03/10/1994 

Sand Pack (U): #20/40 
Sand Pack (Lt 110120 

NorthCaasdmte I f tk  10243.3 
EartCoordmte (fa 2088l.2 
Ground Elevation (ft. HSL): 6894.9 
Heasurhrg Point Uer. (ftt 6897.36 
Auger Head Size (in.): NA 

lNTERVAL IfU 
-2.46 to llL6 
Ilk6 to l2L6 

UL6 to 122.0 
10 to 104.5 
104.5 to 101.5 

Date I)rW: 9/2.24,25193 
Orling Method: Ab #Rotary 
Samp6ng Wethad: Cuttings 
Derebpmt IOate: f0/31-1/17/93 
Water Level [ft. BGLt 121, 9/26/93 

ElTSlZES til 
P U4 in. Rotary from 0 to 20.0 
7 118 m Rotary from 20.0 to P t O  

SURFACECASING IfU 
8 5/8 in Steel ham 0 to 20.0 

Q1.5 to W8.5 
108.5 to 122.0 Comments: Slow recovery. 

I 1 
ell Conpletii 

Des c r ip tli on 

0 GRAVEL, GH. poorly graded. sandlsilt mixture. yellowlbrown 

.O Same as above. with large cobbles 

.O Same as above. large boulders. 

.5 SANDY SILT. HL. dry. shghtly plastic. small amount gravel 
I CtOX).  yellowlbrown IlOYR 5/61. 

WEATHERED HANCOS SHALE, calcareous. dry. brittle. very 
shale. medium dark Bray LSYR 511) 

2.0 Same as above, easy augering (very weatheredl. 

calcareous shale with a few small fossil inclusions. dark gray 

16.0 WANCOS SHALE. bedrock. sofid. dry. dark gray (5YR 4ll). 

NOTE: Lithologic description from 0 to 20.0 11. was taken 
from the nearby 03-200-4 boring. -- 
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40 

45 
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VI 

MONITORING WELL COMPLETION LOG 313493-200-2 

Description 
1 

' -_- - 4 0 . 0  SHALE, medii gray. hard. dry. trace of silt ---- 
- - - - a  

CLAYSTONE. bentonitic. light gray. soft. with medium 

SHALE, medium gray. dry. hard, trace of sat. 

grained rand. 

8.0 SILTSTONE. rapid, penetration rate. less dsiiling 'dust. 

File: 93-200-2.LOG 

Oate Drawn: 03/10/1994 
Page 2 o f  5 
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L I 

. . . . . . .  
: : . : :I!: end alack siltlcarbonaceous laminae. nonpbnar beddinp 
..':.'.':.':: surfaces, hard. dry. 

50.0 SANOSTONE. silty. fine to mediim grained. Gght gray sand ..... 
........ 

. . . . . .  .......... , ...... . .  

Q 
% 
u) 

55- 

1 

10- 

55- 

ro- 

15- 

MONITORING WELL COMPLETION LOG 31SH93-200-2 

l l  
I 

I 
I 
I 

Description 
I "  I 

8.5 SANOSTONE. silty sandstone to sandy siltstone with 
. . . . . . .  carbonaceous material, dry. hard. I,! ; .{:; .q 

. . . . . . . .  . . . . .  . . . . .  

d8.0 SILTSTONE. dark gray, moist. rapid penetration rate. 

-Decreased penetration rate from 70 to 71 It. much dust. 

-71.0 SILTY COAL / SILTSTONE, interbedded. silty coal and 
siltstones. black to dark gray. rapid penetration rate, some 
moist cuttings. 

. . . .  78.0 SANDSTONE. silty sandstone. hard, light gray with 
carbonaceous flecks. 

79.5 SILTSTONE, medium gray, trace carbonaceous material, 
rapid penetration rate. 

' f .  _ '  .' 

- - - 1 
- . -  . .  

File: 93-200-2.LOG 

Date Drawn: 03/10/1994 
Page 3 of 5 
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I 

I 
I 

95- 

~ 

I 

ao- 

85- 

~ 

I 

IO - 

05- 

110- 

MONITORING HELL 1COMPLETION LOG 31SW93-200-2 

Description 

.O SANOSTONE. silty. light gray. fine to medium grained with 
eous ma teriat, I laminae. hard. 

.O COAL I SILTY COAL, 
pid penetration rate from 104.5 to 107 ft.. Black dust. 

7.0 SILTY SANOSTONE / SANDY SILTSTONE. moist from 109 

File: 83-200-2 .LOG 

Date Drawn: 03/10/1994 
, Page 4 of  5 
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I 

20- 
I 

I 

I 

I 
25- 

I 

50; 

I 

I 

I 

35- 
I 

I 

I 

10- 

MONITORING WELL COMPLETION LOG 31S#93-200-2 

1 
~ 

ID e script i o n 

20.0 Same a i  above kith some medium to coarse Qrained 

~ ~ ~~~ 

File: 93-200-2.LOG 

Date  Drawn: 03/10/1994 I Page 5 of  5 
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MONITORING WELL COMPLETION LOG 31SW93-200-3 

0 z 
a 8  !!?A 
e3 

Project: HonticeUo Mill TaiSngs Site 
Location: Honticeb, Utah 
Bte: Hiesite 
Total Depth lft.): 35.0 
Awe! StemSire fin): NA 

Bank Casing: 2 in SCH80PVC 
Screen: Z i n  S M 8 0 P V C  
Slot Size: 062Om 
End cap: 
Grout: Envbwkrg 
Sealant: 1/4 in Eentanite Pellets 
Sand Pack lU): #20/40 
Sand Pack (L): #10/20 

E L L  INSTALLATION 

2 h. SCH 80 PVC 

Description 
LoggedIEy: T. Eartlett 

Notb Coordmte (ft): 10234.9 Date Orilk& 9/1-2.9/25/93 
East Coomate Ut): 20855.2 Drsii Method: Ab Rotary 

Measuring Point Etev. Ut): 6897.78 Development Date: Y)/27-11/23/93 
Auger Head Size Gn.k NA Watef Level (11. BGL): Dry, 9/26/93 

Ground Elevation (It. Hsu. 6895.1 Sawbng Method: Cuttings 

INTERVAL (ft) BIT SIZES f i  
-2.68 to 24.65 
24.65 to 34.65 

I2 V4 in Rotary from 0 l o  20.0 
7 7/8 in Rotary from 20.0 to X O  

34.65 to 35.0 
3.0 to 19.3 
19.3 to 2L4 
2L4 to 22.2 
22.2 to 35.0 Comments Well is extremely slow to recover. 

SURFACE CASING (fW 
8 5/8 in Steel from -.8 to 20.0 

~ 

fell Completion 

2.0 Same as above. medium gray. 

File: 83-200-3.t.06 

Dale Drawn: 03/10/1994 
Page 1 of 2 
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MONITORING WELL COMPLETION LOG 31SW93-200-3 

Description 

l 

Hell cmpleton 0 
fZ 2 2  a magm E o  

1 % "  3 m 5 s  

i e 
1 g 2  

2 
ZO.0 SHALE. dark gray. occasional shell fragments. dry. ---- =--=: moderately tractwed. 

1 ==== 
----. ---- 
----. 1 1  

I 

I 

r 

0- 

35- 

I 

1- 

NOTE: ~ i t t d o g y  from 20 to 35 f t  was taken from the 
83-200-1 borehole log. - 

I 

I 

I 

15- 

I 

50- 

28.9 to 29.0 ft. is a bentonite zone. 

I 

I 

core, 32.5 to 34.0 11. 

I 

i' 

I 

I 

I 

File: 93-200-3.LOG 
l 

B-96 

Page 2 of 2 



MONITORING WELL COMPLETION LOG 31SW93-200-4 

'roject: Honticelk Mil TaiSngs Site 
.ocat i i  Honticek, Utah 
%e: Mibite 
lotdkpth [ftk 245 
huger Stem Size tnJ: 10 U4 

Blankcasing: 2 i L  SCHEOPVC 
screerr 2 i L  sM8OPvc 
sbt Size: 0.010 in 
~ n d  cap: 
&auk EnVkophrg 
Sealant: t/4 in Bentonite Pellets 

WUL INSTALlATlON 

2 in. SCH a0 PVC 

INTERVAL (fW 
-251 to 1425 
1425 to 23.35 

OateDlaed: 8/6/93 
DFnp Method: Hdbv Stem Augers 
Sawkg ktha $61 Soon 
kdtqaent Date: 10/27-W23/93 
Water l e d  ( f t  &lt 24.06. P/14/93 

BIT SIZES W 
Not Applicable 

2135 to 245 
LO to 9:o 
9.0 to I10 
It0 to t2.0 
PD to 24.5 Camenti: Well installed 8/23/93. Sane recovery. 

en completion 
0 
I I esl D escr ip t i oln 

.O GRAVEL. GW. poorly graded. sand/silt mixture. yellowlbrown 

Same as above, with large cobbles. 

Same as above. laroe boulders. 
SANDY SILT. WL. dry. slightly plastic. smII amount gravel 

1. yellowlbrown (IOYR 516). 

boulders. refusal. NOTE: After movuq 50 ft. l o  east. 
r s  and refusal at about 4 it.. 3rd attempt eugered to 
found fewer boulders at 8 to 10 fL, otherwise same as 

~ athered ahale. medium dark gray I5YR 5/11. 
I Same aa above. eaay augering [very weathered). 

0 WEATHEREO MANCOS SHALE. only slightly weathered 
lcareoui shale with a few mall fossil inclusions, dark gray 

16.0 MNCOS SHALE. bedrock. solid. dry, dark Oray 15YR 4/11. 

r:::--Uater encountered at 19.0 11. 

File: Q2-200-4.log~ 

Date Draun: 03/10/1@Q4 
Page 1 of 2 
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MONITORING WELL COMPLETION LOG 31SW93-200-4 

s s  
a 

Des c r ip tli o n 

40.0 SHALE. very hard. moist cuttm. 

Total Qepth at 24.5 11 
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-. . Program Directive 

Initiated By: 

IDirectbe Subject: (1) Changes to ground water sample and water level measurement locations. (2) Temporary 
change to surface water location W-4 for the collection of unfiltered samples for metals and radionuclide analyses. 

Tim Bartlett, Field Supervisor, MACTEC-ERS 

Justification and Associated New Task Changes: (1) In.dlation oftemporary wells downt~dent ofthe PeRT 
wall have been completed (location map and Well1 Data Summary attached) allowing for preliminary information to be 
gathered during the July sampling event. (2) Location W-4 is in an area of reconstruction and not accessible for 
sampling at this time. 

Organhtion(s) Affected: Field sampling personnel and GJO Analytical Laboratory 

Affected Documents: 
MMTS, OU III, Interim Remedial Action Work Plan, @raft) May 1999, (MAC-MSG 2.2.4) 

MUTS, OU III, Interim Remedial Action Su $ace Water and Ground WaterMonitoring Plan, Rev. 2, July 1999 
(MAC-MSGW 1.3.5-1) 

IDirective: (1) Add temporary well locations T99-01, T99-03, and T99-05 and existing well locations 92-09,95-03, 
P92-0 1. and P92-02 to the July 1999 quarterly sampling event. 

Measure the water levels in temporary wells T99-01, T99-02, T99-03, T99-05, T99-06, T99-07, and T99-10. Water 
levels for the existing wells will be measured as specified in the OU III, Interim Remedial Action SurJace Water and 
Ground Water Monitor7rig Plan. Temporary wells T99-011. T99-03, and T99-05 were the only locations where water 
was present at the time of drilling and installation in June 1999. Kwater is present in wells T99-02, T99-06, T99-07. 
and1 T99- 10 samples will be collected. Sampling and analysis requirements for the temporary wells and additional 
existing wells are specified in Section 3.1.5 of the OU 111 Interim Remedial Action Work Plan. 

(2) Collect unfiltered samples for metals and radionuclide analysis at location SW92-06 in place of the W-4 location 
identified in Section 4.3.2 of the OU III, Interim Remedial Action Suflace Water and Ground Water Monitoring Plan, 
IfSWfi-06 is not accessible the samples should be collected fiom the Sorenson Site location. 

Review and Concurrence: 

IBfective Date: July 19, 1999 Expiration Date: September 30,1999 

Dlhtnbulion wl Attachmats 
Task Order Mwagcss Directwe Log 
Jalane Glasgow - Rssord File MSG 1 14 
Holders of sllldfad docummts 
Cathy Kdleher (2 copies) - R O J ~  Administratwe iasord 

FWOhlE\F4009 1\0U3Lnsg990 1 DIR.doc 



. 

T99-02 
T99-03 
T99-04 
T99-05 
T99-06 
T99-07 
T99-08 
T99-09 

Monticello IRA Temporary Well Data Summary, 

I I I Istickup I Depth I Bottom of I Bottom of 

9708.6 24530.3 3.53 
9597.8 24484.9 2.44 
8757.4 28615.2 NA 
8838.3 28506.8 1.93 
9173.9 27448.1 1.11 
9039.0 27444.3 2.44 
9224.6 27436.6 NA 
8663.5 28492.3 INA 

Location I Northing I Easting l[ft] 
99-01 (9824.8 ,124580.0 11.28 

31.6 l 

22.8 
NA 
11 
'8.4 
10.2 
'NA 
NA 

35.1 
25.2 
NA 
12.9 
9.5 
12.6 
NA 
NA 

I Drilled [ft] I Screen [ft bgs] I Screen [ft btoc] 
130 128.8 II30.1 

131, 
l22.25 
13 

8.7 
11025 
5.25 
9 
7.2 

~11 0.7 

31.8 
24.5 
13 
111.5 
,10.5 
10.5 

9 
6.5 

DRY ~0.0 
21.33 13.4 
NA 0.0 
11'.51 1.1 
DRY 0.0 
DRY 0.0 
NA 0.8 
NA 0.0 
DRY 0.0 IlT99-10 I'Q660.0 12741.6 12.81 117.5 17.3 110.1 

Northings and Eastings per Monticello Projects Coordinate System 

1 Depth to 11 Depth to 
IBedrock [ft bgs] IlWater Lft  MOC] IThickness [ft] 
129 127.71 .I 2.6 

bgs = below ground surface 
NA = not applicable 
btoc = below top of casing 



EXISTING WELLS 

' AND CHEMISTRY MONITORING WELL 
ALLUVIAL GROUND WATER LEVEL 

MANCOS SHALE GROUND WATER LEVEL 
AND CHEMISTRY MONITORING WELL 

LOWER DAKOTA SANDSTONE WATER 
LEVEL AND CHEMISTRY MONITORING WELL 

d 

+ N 8000 

I 

I 
I BURRO CANYON AQUIFER WATER 

LEVEL AND CHEMISTRY MONITORING WELL 
A 

+ N 7000 1 
I 

NEW IBOREHOLE AND WELLS 

I I /  
EXlPiLANATl ON1 

BOREHOLES COMPLETED I N  JUINE 1999 0 
I 

1 
I 

I 
\ I BOREHOLES WITH TEMPORARY MONITORING 

I 

I1 J - - - -  MILLS ITE BOUNDARY / ---\ \ 
-@- WELLS INSTALLED JUNE 1999 

\ 

+\ + 
\\ 

-F 
\ 

+ + 1 
t 

I OU 111 INTERIM REMEDIAL-ACTION 
BOREHOLE AND TEMPORARY WELL SCALE 1IN FEET 

800 400 0 ,800 1600 2400 COMPLETED IN JUNE 1999 Y I 
I 1l - _  m n  

IDATE PREPARED FILENAME 
QOOl64P M. \MSG\035\0010\000175AA DWG 07/16/99 09  48am R50329 MAY 26, 1999 

. ~- , , . .. 
I /,..-a: , 

, . , - -  - . . ... ,. , 



EXPLANATION I 
I 

\ .. \ 

ociotm SAMPLING ONLY 

OCTOBER AN0 APRIL ONLY 

LEVEL AND CHEMISTRY MOWllORlNG WELL 

L M L  AN0 CHEMISTRY WNllORlNG WELL 

SW STREAM FLOW AN0 WATER CHEMISTRY 

A U W  GROUNDWATER L M L  
@ AND CHEMISTRY MONITORING WELL 

@ AN0 CHEMISTRY MONITORING WELL 0 
0 
0 Q LOWER DAKOTA SANDSTONE WATER 
m 
(v 

w A BURRO CANYON AQUIFER WATER 

\ 
\ 

MANCOS SHALE GROUNDWATER + N 600 ‘J +-’ 
* - - - - MILLSITE BOUNDARY 

+ + 
0 

N 600 

0 

0 
0 
0 
b 
n 

\% 

t m94-01 
w 

+ % Y 
0 
0 
0 
ln 
n 

. 

EAST 

w + 



+ + + 

+ 
.- 

BURRO W O N  AQUIFER WATER 
LEVEL AND CHEMISTRI MON~ORING WEU. 

* Srv S T R W  FLOW AND WATER CHEMISTAY J 
SW STRFAM FLOW AND WATER CHEMISTRY - JANUARY 1999 ONLY 

+ 

, . -. 



IRqrarn Directive 

Initiated By- Tim Bartlett. Field Suuervisor. MACTEC-ERS 

Directive Subject: Changes to calibration frequencies at PeRT Wall well locations, clarification of 
turbidity monitoring for stabilization criteria, and extension of Program Directive MSG-99-0 1. 

Justification and Associated New Task Changes: 

(1) Calibration and operational checks of instruments used to monitor field parameters will not be required 
prior to sampling at each PeRT performance and tracer monitoring well. Additionally, field parameter 
monitoring and stabilization criteria are not required during well purging. These changes are 
incorporated into the sampling procedures because of the need to collect samples from the PeRT wells as 
contemporaneously as possible and considering instrument reliability through historical sampling, the 
close physical proshity of the shallow PeRT performance and tracer monitoring wells, and preliminary 
monitoring results indicating parameter stability. 

volume has been evacuated and other criteria (pH, Ec, and temperature) have stabilized over 3 successive 
readings. 

wells and designated monitoring wells is extended indefinitely. 

(2) Stabilization criteria for turbidity 5 5  NTUs is only required of the last reading when one borehole 

(3) OU III Program Directive MSG-99-01, regarding water level measurements and sampling of temporary 

Affected Documents: 

MWS, OUIII, Interim Remedial Action Surface Water and Ground Water Monitoring Plan, Rev. 2, July 
1999 (MAC-MSGRAP 1.3.5-1) 

MWS,OUIIIInterim Remedial Action Work Plan. @raft) May 1999, (MAC-MSG 2.2.4) 

iDiective: (1) Calibrate the pH probe and perform operational check of the Ec probe, oxidation-reduction 
potential (Eh) probe, turbidity meter, and dissolved oxygen (DO) metedprobe at the beginning of the day, 
prior to collection of the first sample; mid day; and at the end of the day, following the final sample collected 
on that day. Record field parameters before samples are collected. Note: Per the plan, a 3-point operational 
check of the Ec probe is required at the beginning and end of each day when samples are collected. (Reference 
Monitoring Plan pages 4-1 and 4-3 and ,table 4.2.2.1 page 4-4) 

(2) The criteria for defining field parameter stability is as follows: stability is indicated when pH is within 2 
0.3 pH units, and conductivity and temperature are within _+ 10 percent of the most current 3 consecutive 
readmgs and when the correct purge volume has been evacuated and turbidity is 5 5  NTUs. Turbidity of 5 5  
NTUs is not required over three successive readings. (Reference Monitoring Plan pages 4-1 and 4-3) 



(3) Program Directive MSG-99-01 is extended until further notice. The following text is from the directive 
and has been modified as indicated: 

Add temporary well locations T99-01, T99-03, and T99-05 and existing well locations 92-09,95-03, P92- 
01, and P92-02 to the M y  quarterly sampling event@). 

Measure the water levels in temporary wells T99-01, T99-02, T99-03, T99-05, T99-06, T99-07, and T99- 
10. Water levels for the existing wells will1 be measured as specified in the OUIII, Interim Remedial Action 
Surface Water and Ground WaterMonitoring Plan. Temporary wells T99-01, T99-03, and' T99-05 were 
the only locations where water was present at the time of drilling and installation in June 1999. If water is 
present in wells T99-02, T99-06, T99-07, and T99-10 samples will be collected. Sampling and analysis 
requirements for the temporary wells and additional existing wells are specified in Section 3.1.5 of the OUIII 
Interim Remedial Action Work Plan. 

Collect unfiltered samples for metals and radionuclide analysis at location SW92-06 in place of the W-4 
location identified in Section 4.3.2 of the OWIII, Interim Remedial Action Surface Water and Ground 
WaterMonitoring Plan. If SW92-06 is not accessible the samples should be collected fiom the Sorenson 
Site location. 

Review and Concurrence: 

Kfisten McCiellen, 'OU I11 Project Manager 

Task Order M anager)k#kovamssue: 

Effective Date: September 13, 1999 

Distribution: 
Task Order Managers Directive Log 
Jalane Glasgow - Record File MSG 1.14 
Holders of all affected documents 
Cathy Kelleher (2 copies) - Project Administrative Record 


